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EXECUTIVE SUMMARY

The Seattle Wide-area Information For Travelers (SWIFT) project was a highly successful
Intelligent Transportation System (ITS) Field Operational Test (FOT) that was conducted over a
four-year period from 1993 to 1997. The purpose of the project wasto test the efficacy of a High
Speed Data System (HSDS), or FM Sub-carrier, to disseminate incident, bus and
speed/congestion information via three different end-user devices. pager watch, portable
computer and in-vehicle navigation device. Six hundred ninety (690) commuters, many with
route- or mode-choice options, participated in the FOT and provided user-acceptance evaluations.
Other evaluation components examined the system architecture, communications coverage,
ingtitutional issues, and consumer acceptance.

The primary purpose of the SMFT Deployment Cost Study was to provide an independent Life
Cycle Cost Estimate (LCCE) of an operational and fully deployed SWIFT system. Moreover, itis
intended to provide both the SWIFT participants and the FHWA with a measure of the
commercial viability of "SWIFT-like" systems nationwide. Table ES-1 shows the organizations
that wereincluded in the SMFT Deployment Cost Study LCCE and commercial viability analyss.

Table ES-1. Deployed SWIFT Participants (Cost/Revenue Participants).

Industry Government/Institutional
Seiko Communications Systems, Inc. (SCS) - King County Metro Transit
Metro Networks - University of Washington (UW)

Etak, Inc.
IBM (FOT Development Only)
Ddco Electronics (FOT Development Only)

The methodology for the SMFT Deployment Cost Sudy LCCE relied on standard proven cost
estimation and data collection and analysis techniques to provide cost estimates for each SWIFT
participant shown above across the following three life-cycle phases:

1) FOT development (costs of current SWIFT Test)

2) Commercial Development (additional development and procurement costs for fully
deploying an operational SWIFT system (follows the completion of the SWIFT test)

3) Annua Commercial Operations (annual operations costs for a fully deployed SWIFT
system)

A summary of the resulting life cycle cost estimate (LCCE) for the deployed SWIFT system is
presented in Table ES-2. Here, the FOT Devel opment phase (based on SWIFT test actuals) was
estimated to cost $6.4 Million, the Commercial Devel opment phase was estimated to cost $1.5
Million, and the Annual Commercial Operations costs were estimated to be $0.8 Million.
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TableES-2. SWIFT LCCE Summary.

Participant FOT Development Commercial Development Annual Commercial Operations Life Cycle Cost (5 years of Ops.)

Hours | Labor | ODC's | Total | Hours | Labor | ODC's | Total | Hours | Labor | ODC's | Total Hours | Labor | ODC's Total
SCS 19,137] $1,605K $500K | $2,105K 1,005 $64K $82K $147K 804 $51K $66K $117K 24,162 $1,926K $911K | $2,837K
Metro Networks 4,348| $264K $320K $584K 8,249 $493K $11K $504K 6,188] $370K $2K $371K 43,536] $2,604K $340K | $2,944K
Etak 7,760 $639K $248K $887K 3,840 $254K $0K $254K 1,920 $134K $0K $134K 21,200 $1,565K $248K | $1,813K
Uw 32,136 $857K $220K | $1,077K 10,998 $442K $81K $522K 1,922 $105K $30K $135K 52,741] $1,822K $450K | $2,272K
Metro Transit 1,751 $73K $2K $75K 2,060 $86K $0K $86K 1,545 $65K $0K $65K 11,536 $483K $2K $485K
IBM 5,123 $342K $194K $536K 0| $0K $0K $0K 0| $0K $0K $0K 5,123 $342K $194K $536K
Delco 14,101] $750K $344K | $1,093K 0| $0K $0K $0K 0| $0K $0K $0K 14,101 $750K $344K | $1,093K
TOTAL 84,356( $4,529K | $1,828K | $6,357K 26,151 $1,339K $174K | $1,513K 12,379] $725K $97K $822K | 172,401] $9,493K | $2,488K | $11,981K

As shown in Figure ES-1, when viewed across the life cycle time period (1995-2003), the cost
estimate followed the expected traditional life cycle curve of high initial development costs
tapering down to lower annual operations costs as the years progressed — this was true for both
labor and ODC's.
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FigureES-1. SWIFT LCCE Overview by Life Cycle Phase Total Cost.

Ascan been in Figure ES-2, asthelife cycle progressed from the FOT Development phaseto
Commercial Deployment and then to Commercial Operations, the SWIFT team member’srole
and their share in the effort changed significantly, with SCS providing for the largest share of
costs (for hardware and software development tasks) in the FOT Devel opment phase, and Metro
networks providing for the largest share of costs (for SWIFT TWS operations) by the
Commercial Operations phase.
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FigureES-2. LCCE Overview by SWIFT Participant Share.

A summary of the methodology for the SMFT Deployment Cost Sudy commercial viability
analysis (CVA) ispresented in Figure ES-3. This methodology was largely focused on

devel oping consumer market penetration estimates for SWIFT user subscription. The
methodol ogy incorporated “willingnessto pay” results from SWIFT user surveys conducted in
the SMFT Consumer Acceptance Study. The methodology results in a comparison of an
estimate for annual SWIFT revenues with the Annual Operations cost estimate from the LCCE

above.
Estimate Estimate Estimate Estimate
SWIFT Market —3p| SWIFT Market SWIFT Sub- Annua SWIFT
Potential Penetration scription Fees Revenues

Willingness to Pay Survey Results

v
@OM PA@—P- Results
A

LCCE Annua
Operations
Cost Estimate

FigureES-3. SWIFT Deployment Cost Study CVA Methodology.

As shown below in Figure ES-4, the commercial viability analysis (CVA) found that a deployed
SWIFT can be expected be a viable commercial enterprise. Even under the most conservative
market penetration scenario, the CVA analysis still showed that annual revenues exceeded
annual operations costs by afactor of morethan 3to 1. This providesthe result that in terms of
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operations, and noting the assumptions and cal culations made in this report, that a fully deployed
SWIFT system as defined in this study would have a high likéihood of being commercially viable.
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FigureES-4. SWIFT CVA Results Summary.

Based on the results of the CVA, it would seem that if the deployed SWIFT were addressed as an
investment opportunity, that it would have been seen as a reasonable investment. Moreover,
based on the most conservative market penetration scenario (annual revenues of $3.1M), and
assuming a bank corporate loan rate of 6%, if the entire SWIFT development cost of $7.9 had
been financed by aloan from an investment bank, then the “payback period” on theloan (i.e, the
“break-even” point on the investment) would be about 4% years. Thislieswithin the typical “5
year return on investment” that many large companies use to analyze potential investment
projects. Notethat after the 4% year point, the deployed SWIFT Team members under this
scenario would divide approximately $2.3M annually in profits!

Conclusions of the SMFT Deployment Cost Sudy were largely focused on application of the
results to other potential metropolitan areas. Specifically, in developing SWIFT as a commercial
enterprise in other metropolitan areas where SCS operates an HSDS and Metro Networks/Etak
are involved, dramatic savings should be realized in the development costs of a SWIFT-like
system:

SCS and Metro Networks/Etak would apply results (e.g., the expertise, software, and
the hardware designs) of the SWIFT deployment (i.e. a substantial reduction in the
“learning curve’)

A much shorter test period would likely be required (i.e., “validated” SWIFT
technol ogies would be used)

Thelack of government oversight could facilitate reductions in labor costs --
according to Metro Networks SWIFT Project Manager Joan Ravier: “Some projects
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we're involved with would be alot cheaper to run if we were doing them for
oursalves, because following government procedure requires usto do all kinds of
things we wouldn’t do normally.”*

In terms of “lessons learned,” the potential development of SWIFT-like ATIS systems as
commercial venturesin other metropolitan areas where different commercial enterprises would
implement asimilar system, the following should be considered:

The deployment of an FM-subcarrier ATIS in other cities may require the expenditure
of up-front “infrastructure’ costs (i.e., costs associated with developing the required
HSDS hardware and software and integrating it with available FM radio stations)

Significant FM-subcarrier ATIS deployment costs are likely to be encountered during
the devel opment phase, where software development, integration and test costs are
incurred

Operations costs for FM-subcarrier ATIS projects should be fairly stable, and will
center on the human dement of managing and inputing traffic information into the
ATIS system (eg., Metro Networks TWS operators)

Successful commercial deployment of FM-subcarrier ATIS projects should be based
upon the devel opment of sound market-penetration scenarios

Future ITS public-private joint ventures should stipulate in their teaming agreements
that the private-sector partners will provide full details of their development costs to
the evaluation team, with appropriate non-disclosure agreements set up as required.

Future ITS public-private joint ventures should stipulate in their teaming agreement
that all costs will be invoiced according to an activity-based Work Breakdown
Structure (WBS) of at least three (3) levels of detail for each Team Member in order
to allow costs to be tracked by activity throughout the project.

! Nancy Johnson and Christina Steffy, “ What will it Take to Create a Profitable Businessin the Market for In-

g\mlﬁebglg %%mseno& u\gyceﬁ, I TS Waorld, september/October 1997, p. 39. Vv
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1. INTRODUCTION

The United States (U. S.) Congress passed the Inter-modal Surface Transportation Efficiency Act
(ISTEA) in 1991. The purpose of thislegidation was to re-invigorate the country’s
transportation infrastructure by providing needed repairs to the highway system, encouraging the
development of inter-modal transportation facilities and applying information technology (IT)
solutions to transportation problems.

The Inteligent Transportation Systems (ITS) initiative grew out of ISTEA’s intereststo apply IT
solutions to transportation problems. Specifically, the U. S. Department of Transportation
(USDOT) developed the National Program Plan for ITS(1994) in order to guide the deployment
of ITS around the country. The goals of the USDOT ITS program are to:

Improve the safety of surface transportation
Increase the capacity and operational efficiency of the surface transportation system

Enhance personal mobility and the convenience and comfort of the surface
transportation system

Reduce the environmental and energy impacts of surface transportation

Enhance the present and future productivity of individuals, organizations and the
economy as awhole

Create an environment in which ITS can flourish

Operational tests present opportunities to develop, deploy and eval uate specific implementations
of ITS. According to the Federal Highway Administration (FHWA) document, Generic ITS
Operational Test Guidelines (1993), prepared by The MITRE Corporation, an ITSField
Operational Test (FOT) isa“joint public/private venture, conducted in the real world under live
transportation conditions...” that “...servels] as[a] transition between Research and Devel opment
(R&D) and the full-scale deployment of [ITS] technologies.” Thus, FOTs represent a significant
step in accelerating the deployment of ITSin North America

Conducting FOTs results in feedback from the public regarding the viability and perceived
usefulness of a specific ITSimplementation. Thisinformation can be used by the public and
private organizations involved to determine the best approach toward full-scale implementation
after the FOT iscompleted. Also, lessons are learned during the conduct of an FOT that will
enable the Federal, State and Local governments in partnership with industry and non-profit,
academic ingtitutions to bear, conceive, design, develop and deploy an ITS that provides the best
possible services to the traveling public.

1.1. SWIFT Project

On September 8, 1993, the Federal Highway Administration (FHWA) published arequest for ITS
FOTs. The concept for the SWIFT project was submitted in response to this request on January
6, 1994 by the SWIFT Project Team. The SWIFT Project Team proposed to partner with the
FHWA to perform an operational test of awide-area I TS communications system in the Sesttle
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area. The proposed system incorporated a flexible FM sub-carrier High Speed Data System
(HSDS) that had been devel oped and commercially deployed in the Seattle area by one of the
SWIFT Project Team members. The HSDS would be used to transmit traveler information to
three receiving devices provided by other SWIFT Project Team members. It was anticipated that
the SWIFT Operational Test would provide valuable information regarding the viability of these
devicesfor traveler information systems. SWIFT Project Team members included:

Delco Electronics Corp., a subsidiary of General Motors Corporation (Delco)
Etak, Inc. (Etak)

Federal Highway Administration (FHWA)

International Business Machines, Inc. (IBM)

King County Department of Metropolitan Services (Metro Transit)

Metro Traffic Control, Inc. (Metro Traffic Control)

Seiko Communications Systems, Inc. (Seiko)

Washington State Department of Transportation (WSDOT).

On April 6, 1994, the SWIFT proposal was accepted by the FHWA contingent upon the filing of
a signed Memorandum of Understanding (MOU) by all SWIFT Project Team membersand a
Teaming Agreement between the Washington State Department of Transportation (WSDOT) and
the FHWA. The SWIFT MOU was signed on October 18, 1998 and the SWIFT Teaming
Agreement was completed on January 10, 1995. Following the fulfillment of these requirements
by the SWIFT project team, construction of the SWIFT system was initiated.

In addition to guiding the signing of the SWIFT MOU and Teaming Agreements, WSDOT also
negotiated separate contracts with the University of Washington (UW) and Science Applications
International Corporation (SAIC) to participate in the SWIFT project. The University of
Washington was retained to provide data gathering and fusion services for the project, while
SAIC was retained as the independent evaluator. In thisregard, SAIC signed their contract with
WSDOT on September 13, 1994 and UW on November 17, 1994.

As part of the thelr contract with WSDOT, the University of Washington also developed and
demonstrated a dynamic ride-share matching system called Seattle Smart Traveler (SST). SST
used the UW Intranet to match ride requests with drivers. Participants registered and
requested/offered rides using a web-like page, and riders would be notified of pending rides by
email. Theproject also used 65 SWIFT Seiko MessageWatchs, or pagers, to let riders know
whereto call to set up aride. These SST users also participated in SWIFT and received traffic
incidents and general information messages. A separate evaluation of SST was conducted by the
Texas Trangportation Ingtitute and, thus, the SWIFT evaluation did not address the SST project.
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1.2. SWIFT System Description

An overview of the SWIFT system is shown in Figure 1-1, while Table 1-1 lists the primary types
of information that were delivered by SWIFT. Each SWIFT receiving device regularly scanned
the FM airwaves to identify, retrieve and display the information/messages intended for it.

The SWIFT system was divided into five (5) data components:

Generation— gathering of the information to be transmitted

Processing— formatting of the information to be transmitted

Transmisson— broadcast of the information to travelers

Reception— receipt of the transmitted information by SWIFT devices

Interpretation— use of the transmitted information by operational test participants.

Each of these are described in the following sections.
Table 1-1. Information Delivered by SWIFT.

Traffic Timeand
Incidents, Date,
Device/Information | Advisories, Route Traveler- Freeway Bus L ocations Per sonal
Received Scheduled | Guidance Service Loop-Sensor | and Schedules Paging and
Eventsand Information | Information General
Road Information
Closures M essages
Seiko
M essageWatch Yes - . . . Yes
Delco In-vehicle
Navigation Device Yes Yes Yes - » Yes
SWIFT Portable
Computer Yes - Yes Yes Yes Yes
3
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Figure1-1. SWIFT System Description.
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1.2.1. Generation

Table 1-2 provides alisting of the information that was provided to SWIFT FOT participants.
Thisinformation was generated by Metro Traffic Control, Etak, Delco, WSDOT, Metro Transit
and Selko.

Table 1-2. SWIFT Data Generation.

Data Generator Data Generated
Metro Traffic Control, Inc. Traffic Incidents, Advisories, Scheduled Events and
Closures
Delco and Etak Route Guidance
Etak Traveler-Service Information
WSDOT Freeway Loop-Sensor Information
Metro Transit Bus Locations and Schedules
Seiko Communications Systems, | Time and Date, Personal Paging and General
Inc. Information Messages

Traffic Incidents, Advisories, Scheduled Events and Closures

Thisinformation was generated by Metro Traffic Control personne who routinely compiled
incident information for use in traffic reports delivered to several Seattle-area radio stations.
Information, consistent with the International Traveler Information Interchange Standard (1TIS),
was entered into a Traffic Work Station (TWS) developed by Etak, Inc. The TWS located the
incident and the operator added descriptive information about the incident, such as “truck
overturned” or “right lane closed.” The TWS then formatted the message for transmission and
forwarded it to Selko.

Route Guidance

As part of the in-vehicle device they devel oped for the SWIFT project, Delco supplied aroute-
guidance system that assisted local drivers by providing a directional pointer to pre-selected
destinations. This system incorporated a Global Positioning System (GPS) antenna that was
placed on the roof of the SWIFT FOT participant’s vehicles that participated in this portion of the
test, and was tied into a Geographic Information System (GIS) that Etak supplied. Users would
select destinations from an “Etak Guide” which contained the latter’ s geographic coordinates.
Users could also enter |atitude/longitude coordinates as destinations, save the current positions of
their vehicles as destinations and select to receive estimated time of arrival (ETA) information
based upon the current speed of their vehicles. The route guidance provided by the directional
pointer was static— no turn-by-turn directions were provided, only an arrow pointing in the
direction the driver needed to go to reach the destination.
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Traveler-Service Information

Asindicated, the in-vehicle device for SWIFT provided traveler-service information (i.e., Etak
Guide) toitsusers. This same information was aso presented asa“Y ellow Pages’ directory on
the SWIFT portable computers. Users could select the name of |ocal-area businesses or
organization by category (e.g., service stations, restaurants, colleges and universities, tourist
destinations, etc.) and receive a display of the appropriate address and telephone number in order
to guide their travel. Portable computer users could also select to have the locations of their
selections presented on the map of Sesttle that accompanied the SWIFT application.

Freeway Loop-Sensor Information

Traffic congestion information was derived from the existing WSDOT freeway management
system in Seattle. Vehicles were detected with a network of 2,200 standard traffic loops, and
UW used the loop information to estimate speeds, which were then expressed as a percentage of
the posted speed limit. The speed information was compared to freeway bus speeds to detect any
errors. Congestion information was then packaged into a format that could be directly
transmitted and sent to Seiko via the Internet.

Bus Locations and Schedules

Bus location and schedule information was provided by King County Metro Transit. Their
Automatic Vehicle Location (AVL) system uses small roadside transmitters, whed (distance)
sensors and pattern matching to locate buses in the system. Each location was updated about
once every minute and a half. Raw data from Metro Transit's system were sent to UW, where
each coach location was converted into latitude and longitude. The UW then generated all of the
information including the route and trip number into a format ready for transmission, which was
sent to Seiko viathe Internet. The SWIFT project included all the fixed routes that Metro Transit
operates, or up to 900 buses during peak periods.

Time and Date, Personal Paging and General Information Messages

All SWIFT devices also received and displayed information services currently available to Seiko
MessageWatch customers. These included time and date, weather reports, financial-market
summaries, sports scores, ski reports and lotto numbers. All SWIFT devices could also function
as apersonal pager.

1.2.2. Processing

Data generated by WSDOT, Metro Transit, and UW were collated at UW, whereit was
validated, converted, corrected and fused. Once these activities had taken place, the data were
processed into standardized data packetsin order to facilitate ultimate transmission over the
HSDS. Information provided by Metro Traffic Control was preprocessed on the TWS. All data
from UW and Metro Traffic Control were transmitted to Seiko via the Internet.

1.2.3. Transmission

SWIFT data transmission involved sending the processed data to Setko which formatted the data
packets for transmission over the HSDS transmission network. Once formatted by Seiko, the
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data were transmitted over an FM subcarrier at a rate of 19,000 bytes per second (19 Kbps). In
order to increase the certainty of reception by Seiko MessageWatches, double-leve error
correction and multiple transmissions were used. Otherwise, asynchronous (or broadcast)
message sent to the Delco in-vehicle navigation device and the portable computers were sent
only once.

Seiko High Speed Data System

The SWIFT project was based upon the HSDS that is currently used to deliver paging and
information services to Seiko MessageWatch customers. The HSDS signal is added to standard
FM broadcast transmissions in the form of digital data modulated at a frequency 66.5 khz higher
than the standard, or “nominal,” FM audio signal. No portion of an FM signal, audio or
otherwise, is broadcast below the nominal frequency. FM radio signals are usually broadcast in
three frequency groups between the nominal frequency and 55 khz above this frequency. Thus,
the SWIFT HSDS signal was presented at a frequency that did not interfere with nominal, or
standard FM audio, transmissions.

SWIFT HSDS receivers were "frequency agile," which means they could receive messages from
any HSDS-equipped FM station. Seven Sesttle-area radio stations transmitted the HSDS
protocol to SWIFT devices. Consequently, information was sent from all stationsin the area
which nearly guaranteed reception of important paging messages.

SWIFT information was transmitted three times (once every 1.87 minutes) from each station for
the Seiko MessageWatch. Otherwise, for the portable computers and Delco in-vehicle navigation
device, congestion information was transmitted every 20 seconds, incident information every 30
seconds and bus information every 90 seconds. This feature of the Seitko HSDS provided
information redundancy which further ensured that SWIFT FOT participants were receiving the
most current information provided by their receiving device.

SWIFT Message Formats

All SWIFT information was encoded into a version of the International Traveler Information
System (ITIS) message-formatting convention. The North American version of ITIS, which was
developed by the Enterprise group, is based on message formats used by the European Radio
Broadcast Data System (RBDS). TheITIS codes conserve bandwidth by sending incident and
congestion information in a compact form. Some customization of the ITIS formats was
necessary for SWIFT in order to adjust for HSDS packet size, which islonger than the RBDS
packet. Message formats were also developed to send the SWIFT bus location and
speed/congestion data, which are not available in the RBDS.

SWIFT traffic-incident information received by the Delco in-vehicle navigation device was
integrated with Global Position System (GPS) location and time/date information received by the
same device. Thelatter capability provided the incident-direction/distance information and the
current time of day information presented by the Delco in-vehicle navigation device.

Information transmitted to the three receiving devices used in the SWIFT project is presented
bel ow:
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Seiko MessageWatch— incident type/direction, roadway affected and closest
intersection. Example: A leve 3 incident (i.e., accident) on Southbound I-5 is|ocated
near the Mercer intersection.

Delco In-vehicle Navigation Device— incident type/direction, description,
roadway/intersection affected, duration and vehicle-reference (in miles) description.
Example: An accident blocking the two outside lanes of Northbound 1-5, expected to
last for the next 15 minutes, islocated 16 milesto the Northwest.

SWIFT Portable Computer— icon display/text description (including incident type,
roadway affected, direction, closest intersection, backup and duration) of incidents,
icon display of real-time bus position, timepoint schedule information, icon display of
speed information (i.e., closed, 0-19, 20-34, 35-49, 50+ and no data) and speed icon
location description. Example: Vehicles are traveling at 50% of normal speed at the
Mercer speed sensor.

1.2.4. Reception

Three types of HSDS-capable receiver devices, each developed and manufactured by private
entities through consultation with their SWIFT team members, provided SWIFT FOT participants
with incident information, traffic speed/congestion information, bus information, informational
messages (e.g., forecast weather, sports scores, stock-market information) and personal pages,
depending upon the device. The devices were:

Seiko MessageWatch
Delco In-Vehicle Navigation Device
SWIFT Portable Computer

Figures 1-2, 1-3 and 1-4 show examples of the three receiving devices used for SWIFT.
Operational features of each of these devices are described in the following sections.

Seiko MessageWatch

These devices are commercially available and widely used in the Seattle area to ddiver personal-
paging services and “information service’ messages. Current information-service messages
include wesather forecasts, financial market summaries, local sports scores and winning lotto
numbers. SWIFT traffic messages were featured as an added information service.

SWIFT test participants who used the Setko MessageWatch supplied information to the Eval uator
about the usual routes, directions, days and times of the day they traveled. Traffic messages
indicating the location and severity of traffic problems that the user might encounter were sent
based on the resulting travel profile. Because the Setko MessageWatch stored elght messages,
only traffic problems that resulted in a substantial delays were sent.
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Figure 1-2. Seiko M essageWatch.

Delco In-Vehicle Navigation Device

This device incorporated a route-guidance component, GIS, GPS recelver and the speakers of a
radio/compact disc player to present real-time traffic information to users. The whole package
was placed into one of four vehicle types. 1995 or newer Buick Regals, Oldsmobile Cutlass
Supremes and Saturns, and GMC Rally Vans.

The Delco device included the capability to select destinations from a“Y ellow Pages® directory of
local landmarks, hotels, restaurants, businesses and street corners selected by the user. The GPS
provided the current location of the vehicle and adirectional display associated with the route
guidance system indicated the direction (relative to the vehicle) and distance to the sel ected
destination. The stereo speakers were used to announce received messages.

Real-time traffic-incident information was transmitted over the Setko HSDS. The HSDS receiver
was built into the Delco in-vehicle navigation unit filtered out any messages that were outside a
pre-defined distance (e.g., 20 miles) from the current location of the vehicle. The navigation unit
also decoded upon demand the SWIFT traffic messages from text into a “voice’ that provided
incident detailsto the driver. Although messages were retransmitted every minute, only new or
modified messages were announced to the driver.
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Figure 1-3. Delco In-vehicle Navigation Device.

SWIFT Portable Computer

The SWIFT project primarily used IBM Thinkpad and Taoshiba Satellite portable computers.
Some Dauphin sub-notebook computers were distributed before they were discontinued due to
negative user feedback. The Thinkpads were 486 machines, used Windows 3.1, had a built-in,
“butterfly” keyboard and presented information on an active matrix, SVGA color display. The
Satellites were Pentium 100 machines, used Windows 95 and al so presented information on
SVGA color displays.

A separate HSDS receiver unit was attached to the SWIFT portable computer’s seria port. This
unit had approximately the same footprint as the portable computer and was often attached to the
portable computer viaVelcro tape. Primary SWIFT information presented on the portable
computer included real-time traffic incident, speed/congestion and bus-location information.

All of the traveler information for SWIFT portable computers was displayed using Etak
Geographical Information System (GIS) software to show the location of each piece of data. The
software allowed the user to select the type(s) of information (i.e., traffic incident,
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speed/congestion or transit-vehicle location) to be displayed on a map of Seattle. A "Yelow
Pages' directory was also installed and linked to the GI S software to show the location of a
selected business or point of interest. SWIFT portable computers also offered transit schedule
information from static database tables inside the computer.

Figure 1-4. SWIFT Portable Computer and RRM.

1.2.5. Data Interpretation

The data interpretation portion of the SWIFT system involved hypothesized processes that
affected how users were able to interact with the system. Among those user perceptions that
were addressed were the following:

Data Reception— whether SWIFT information was received
Data Timdiness— whether SWIFT information was received in atimely fashion
Data Reliability— whether SWIFT information was regularly received
Data Display— whether SWIFT information was displayed appropriately
Data Fidelity— whether SWIFT information was accurate
Data Validity— whether SWIFT information affected travel behavior.
1.3. SWIFT Field Operational Test Evaluation

Once the SWIFT system was completed, an FOT was conducted with approximately 690 users
who were recruited from the community in order to assess the system. With the mgjority of the
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SWIFT system completed by June 30, 1996, the SWIFT FOT evaluation was conducted from July
1, 1996 through September 20, 1997. The goals of the SWIFT FOT evaluation, listed in order of
priority, wereto evaluate:

1. Consumer Acceptance, Willingness to Pay and Potential Impact on the

Transportation System — determine user perceptions of the usefulness of the SWIFT
receiving devices, how much consumers would be willing to pay for such devices and
services and assess how SWIFT-induced changesin users driving behavior might
impact the Seattle transportation network if the SWIFT system was fully deployed.

2. Effectiveness of the HSDS Transmission Network — determine how well the SWIFT
HSDS communications system functions.

3. Performance of the System Architecture — determine how well the various SWIFT
components work singularly and together.

4. Institutional I1ssues That Affected the Operational Test — identify how institutional
factors associated with the SWIFT public-private partnership affected the FOT, with
emphasis on implications for deployment.

5. Deployment Costs — estimate how much money it would take to deploy and maintain a

SWIFT-like system.

Five evaluation studies were conducted as part of the SWIFT FOT evaluation. These studies
paralleled the five SWIFT FOT evaluation goals and were implemented at various times during
the 15-month test. Table 1-3 provides a summary of SWIFT evaluation information.

Table 1-3. SWIFT Evaluation Information.

Test Plan Primary Data Primary Data Final Reort
Study/ Activity Study Completion Collection Collection oo I:tri)on
L eader Date Periods M ethods P
Consumer Jeff Trombly | August 19, 1997 | Spring, Questionnaires, March 31, 1998
Acceptance Summer and Telephone Surveys,
Fall, 1997 Focus Groups
Communications | JJm Murphy | August 19, 1997 | Fall, 1997 Field Tests June 29, 1998
Architecture Hesham August 19, 1997 | Spring, 1997 Data logging and March 31, 1998
Rakha Field Tests
Deployment Cost | Mark Jensen | August 19, 1997 | Summer, 1997 | Data Collection March 31, 1998
Ingtitutional Bruce August 19, 1997 | Spring and Questionnairesand | March 31, 1998
Issues Wetherby, Fall, 1997 Semi-structured
Principal Interviews
Investigator

As part of the conduct of the SWIFT FOT evaluation, the Evaluator was responsible for user
recruitment. Thisinvolved the recruitment of approximately 1,200 individuals before selection of
the 690 FOT participants was made. Thefinal breakout of SWIFT participantsis shown in Table

1-4.
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Table 1-4. SWIFT Participant Breakout.
Metro

Device/Condition Existing New VT;;nar;ia SST Total
Seiko 50 400 -- 70 520
M essageWatch
Delco In-vehicle -- 65 25 -- 90
Navigation Device
Portable Computer -- 80 -- -- 80
Total 50 545 25 70 690

Selection criteriafor each category of SWIFT user varied, primarily depending upon the assumed
operational requirements for each devicetype. Asaresult, three types of Setko MessageWatch
users (i.e, existing [i.e., those who owned their own watches|, new [i.e., those who were given a
Selko MessageWatch for the first time] and SST [i.e., those who participated in the SST
program] and two types of Delco in-vehicle navigation device users (i.e., new [i.e., SOV
commuters] and Metro Transit Van Poal [i.e., HOV commuters] wererecruited. The majority of
the eighty (80) SWIFT portable computer users were bus riders with mode-choice options.

The SWIFT FOT Evaluator was aso responsible for the following activities:
Device configuration/software installation
Device distribution/install ation scheduling
Training/instruction on device usage
Trave profile entry/maintenance
SWIFT Help Desk
User problem analysi s/feedback to team members
Device collection/de-installation

SWIFT newdetter (writing, publication and mailing; WSDOT responsible for editing
and breadboarding)

1.4. Purpose of SWIFT Deployment Cost Study

The overriding purpose of the Deployment Cost Sudy isto provide an independent Life Cycle
Cost Estimate (LCCE) of an operational and fully deployed SWIFT system. Moreover, itis
intended to provide both the SWIFT participants and the FHWA with a measure of the
commercia viability of "SWIFT-like" systems nationwide.
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1.5. Objectives

As shown in Table 1-5, the following four evaluation objectives were identified for the
Deployment Cost Study.

Table 1-5. Objectives of the SWIFT Deployment Cost Study.

Objective

1. Collect relevant cost and pricing data from SWIFT participants (industry &
government/ingtitutional) and member vendors

2. Collect relevant cost data on analogous systems and system e ements nationwide

3. Develop a LCCE for afully deployed SWIFT system (recurring and non-
recurring costs)

4. Evaluate the commercial viability of a fully deployed SWIFT System

SWIFT Deployment Cost Study
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2. METHODOLOGY

The following sections describe the SMFT Deployment Cost Study methodology. This
methodology is based on the December 1996 SWIFT Deployment Cost Sudy Final Test Plan?,
with minor modifications as noted. Results of the application of this methodology are presented
in Section 3.

Before examining the methods and technical approaches for achieving each of the four SMFT
Deployment Cost Study objectives outlined in Section 1, it isfirst necessary to provide some
definition concerning the context and the participants that would make up a credible scenario for a
fully deployed SWIFT system.

As shown bdow in Table 2-1, afully deployed SWIFT system is defined here to consist of three
“life cycle’” phases. The FOT Development phase is the recently completed SWIFT test, funded
by FHWA, WSDOT, and by SWIFT commercial participant matching funds. The Commercial
Development Phase consists of the current period in which the SWIFT participants continue to
operate portions of the SWIFT system, and in which some of the participants are pursuing
additional development/refinement of SWIFT systems to support a future operational deployment.
The Annual Commercial Operations phase consists of the recurring operations activities (costed
yearly) for afully deployed system starting on 1 January 1999. Where necessary for cost
estimation purposes, an operations period of five yearsis assumed in order to bound this analysis.

Table 2-1. Deployed SWIFT System Life Cycle.

Life Cycle Phase Time Period
FOT Development (SWIFT Test) | 1 Jan 1995 to 30 Sep 1997
Commercial Development 1 Oct 1997 to 31 Dec 1998
Annual Commercial Operations Yearly, Beginning 1/1/99

The SWIFT participants who are assumed in this analysisto be the financial stakeholdersin a
future operational deployment and subsequent operation of the SWIFT system in the Sesttle
Metropolitan Area are shown in Table 2-2. Notethat it is assumed herethat IBM and Delco
Electronics will not be involved in the commercial development and operations phases of a
deployed SWIFT.?

2 Mark Jensen, “SWIFT Deployment Cost Study Final Test Plan,” SAIC, prepared for the Washington State
Department of Transportation, December 16, 1996.

% IBM’sinvolvement was limited to initial software development and modeling activities which have now been
subsumed by Etak and UW; Delco devel oped a prototype traveler information car radio/navigation unit for the

SWIFT test, and while Delco (and other potential suppliers) may choose to develop a production version of this
device for SWIFT, it will be considered a separate product from the SWIFT system.
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Table 2-2. Deployed SWIFT Participants (Cost/Revenue Participants).

Industry Government/Institutional
Seiko Communications Systems, Inc. (SCS) - King County Metro Transit
Metro Networks - University of Washington (UW)
Etak, Inc. (All Government/ingtitutional

SWIFT team members were

contractually responsible to
Delco Electronics (FOT Development Only) WSDOT for their activities.)

IBM (FOT Development Only)

While two of the deployed SWIFT participants are “government/ingtitutional” entities (UW &
KCMT), for the purposes of this analysis, they are treated as full business partners with the
commercia participants, and it is assumed that they will share in both costs and revenues.

2.1. LCCE Methodology
2.1.1. Methodology Overview

Figure 2-1 provides a composite overview of the Life Cycle Cost Estimate (LCCE) methodol ogy
used in the SMFT Deployment Cost Sudy. Each of the elements of this methodol ogy, along with
the technical approachesto the first three study objectives, are addressed in detail in the sections
bel ow.

Apply Cost
Estimating
Techniques

2

Define All Collect rele- Develop Estimate
Major Cost » vantcost & | Groundrules&—» Costsvia
Elements technical data Assumptions Cost Model

A

Develop
Basis of
Estimates

Cost.
Estimation

Document
Results

Figure2-1. SWIFT Deployment Cost Study L CCE M ethodology.
2.1.2. Definition of Major Cost Elements

In order to develop thisanalysis, it was first necessary to outline major cost categories for each
deployed SWIFT participant in terms of non-recurring costs, recurring costs and revenues. In this
regard, Table 2-3 provides an overview of the major cost categories by participant.
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Table 2-3. Deployed SWIFT Major Cost Elements.

Non-Recurring Costs Recurring Costs Revenues

¢ SCSHSDS SWIFT Integration ¢ SCS SWIFT System Operations | * SCS Message Watch SWIFT
and SWIFT Equipment & HSDS Leasing Subscription Prices

Development & Testing
¢ Metro Networks SWIFT TWS ¢ PC/PDA-based SWIFT

¢ Metro Networks TWS Hardware |  Operations Subscription Prices

Development & Testing o i
¢ ETAK SWIFT Software Support | ¢ Car Navigation Radio SWIFT

¢ ETAK SWIFT TWS Software Subscription Prices
Development & Testing * UW SWIFT System Support
« UW Hardware and Software * Metro Transit Service Updates

Development & Testing

¢ Metro Transit Software
Development & Testing

« IBM PC/PDA Equipment &
Software Development & Testing

¢ Delco SWIFT Car Navigation
Radio Development & Testing

Here, non-recurring costs are defined as "one-time" costs that occur during the FOT devel opment
and commercial devel opment phases of the SWIFT system prior to deployment. These costs,
which will beincurred by SWIFT industry participants, typically include equipment procurement
or development, equipment installation, and software development and testing activities.

Recurring costs are defined as "annual continuous' costs associated with operation of a deployed
SWIFT system. For deployed SWIFT participants, these costs will typically include annual
general labor costs for operations, annual hardware/software upgrade/maintenance costs, and
costs of services such asleases or communications/phone costs. Recurring costs may be incurred
in al three SWIFT life cycle phases.

Revenues are defined primarily as revenues or sales to the public of SWIFT hardware or SWIFT
user subscriptions by the SWIFT industry participants. This would typically include the gross
receipts collected by SWIFT industry participants from the subscriptions to SWIFT Selko
MessageWatch services, SWIFT PC user service subscriptions, and SWIFT Delco in-vehicle
navigation device user service subscriptions.

2.1.3. Collection of Relevant Cost and Technical Data (Objectives 1 and 2)

As shown in Table 2-4, the focus of Objective 1 wasto collect relevant cost and pricing data from
SWIFT participants.
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Table 2-4. Technical Approach for Objective 1.

Objective Data Source Method of Analysis
1. Codllect relevant cost and pricing - SWIFT Team Members - Conduct phone and in-person
data from SWIFT participants . WSDOT interviews with relevant SWIFT
(industry and government/ participants

institutional) and member vendors . Request and collect required cost

data and price quotes from relevant
SWIFT participants viawriting

- Collect SWIFT Test Cost Actuals
from WSDOT

Here, the primary method of data collection involved the following interactions with each SWIFT
participant:

1) Initial deployment cost study explanation and request for cost data overview |etter
provided to each SWIFT participant (2/97)

2) In-person data callection interviews with each SWIFT participant (4/97 to 8/97)
3) Follow-up written/telephone requests for additional data/clarifications (7/97 to 2/98)

As stated in the SMFT Deployment Cost Study Final Test Plan, in conducting the interviews,
"the participation and willingness of the SWIFT participants to provide access to all relevant cost
and price related data will be critical to the success of the data collection effort.” In practice,
while the results of the data collection effort from the SWIFT participants succeeded in providing
the data required to support the devel opment of the LCCE, the leve of detail and the type of data
provided was, in general, less than had been desired. Thiswas largdly the result of concerns by
the commercial participants that providing proprietary cost data for a public study could
potentially reduce their competitive advantage.

Data collected via the SWIFT participant interviews and follow-ups typically centered around
four data categories:

1) Hourslabor estimates by activity and staff for non-recurring activities during the
commercial development phase (e.g, software development)

2) Equipment non-recurring costs during the commercial development phase (e.g., PC
servers)

3) Hourslabor estimates by activity and staff for recurring operations activities during the
commercial development phase and the annual commercial operations phase (e.g.,
FM HSDS monthly leasing)

4) Equipment recurring maintenance costs (i.e., estimated annual maintenance costs)

The data collected for the FOT devel opment phase, or SWIFT Test, was provided by Larry Senn,
WSDOT SWIFT Project Manager. This data included the entire 2.75 year collection of SWIFT
quarterly financial invoices and monthly technical reports (which provided hours). A spreadsheet
was devel oped to provide the complete results of the financial and hours data collected from these
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reports, and is provided in Appendix A, with asummary provided as part of the LCCE in Section
3.

Unfortunately, the required format of the SWIFT FOT financial invoices did not provide abasis
for costs to be estimated by activity; rather, they typically provided total labor, overhead, travel
and ODC costs per quarter. However, by analyzing the monthly technical reports, it was possible
to come up with a reasonably comprehensive list of the mgjor design, development, testing and
evaluation activities by participant for the duration of the FOT development phase. These
activitiesarelisted in their respective FOT development LCCE sections in Section 3.

Next, as shown in Table 2-5, the focus of Objective 2 was be to collect relevant cost data on
analogous systems and system elements nationwide.

Table 2-5. Technical Approach for Objective 2.

Objective Data Source Method of Analysis
2. Collect relevant cost data on - FHWA & Contractors - Interviews with appropriate industry
analogous systems and system - IVHS Industry (Transportation, o government representatives
elements nationwide Communications, Information) - Market/University Library Research

Here, while theinitial goal was to attempt to collect cost data on some systems being deployed in
other regions that were similar to the SWIFT system, in practice this proved problematic due to
two factors. First, after surveying the general technical literature available on other U.S. traveler
information systems being designed or tested, it became apparent that the SWIFT system was
unique among any other systems being tested or deployed in the U.S. Secondly, whileit had been
planned to work with and collect cost data from FHWA and their SETA support contractor on
analogous e ements from other I TS deployment tests or designs, it was discovered that the
type/level of cost data that would be required was not being collected as part of these tests.
Nevertheless, significant cost and related technical data related to some el ements of the SWIFT
system and in traveler information/ITS system deployments in general were collected in support
of developing the discussion on how the results of the SWIFT LCCE and the Commercia
Viahility Analysis could be applied to other regions nationwide. Thisdiscussion is presented in
Section 4.

An extensive literature review supporting the above data collection effort was conducted
involving market research of trade journals and other publications including numerousITS
Americajournals and papers, 1-95 Corridor Coalition reports, Caltrans future I TS architecture
studies, ITSindustry stakeholder reports, etc. Thisreview involved data collection from SAIC
ITS data sources, collection of reports from ITS America, Internet research, and publication
orders. A comprehensive bibliography documenting the literature review is presented in
Appendix B.

*It had been suggested by FHWA early on that BAH might be able to provide cost and related technical data on the
Minnesota Guidestar project, but BAH later determined that significant cost data was, in fact, not being collected
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2.1.4. Develop Groundrules & Assumptions

The development of groundrules and assumptions was the third step required to develop the
deployed SWIFT LCCE. Essentially, groundrules and assumptions are used: (1) to bound the
estimate by limiting/clarifying the estimate scope, and (2) to establish basdline conditions upon
which the estimate is premised.

The development of the groundrules and assumptions occurred in parallel with the data collection
effort, and was based on discussions with relevant SWIFT participants staff during the data
collection interviews, and on the review of the other SWIFT Evaluation Test Plans. A set of draft
groundrules and assumptions was then submitted to WSDOT, FHWA and all of the SWIFT
participants in August 1997 for comment. Following a period of review and comment, an
updated set, shown here, was completed in October 1997:

1) Costswill be estimated for the following three phases:

a. FOT deveopment (2.75 years: 1 Jan 95 to 30 Sep 97)
- Costsof current SWIFT Test
b. Commercial Development (1.25 Years; 1 Oct 97 to 31 Dec 98)
- Additional development and procurement costs for fully deploying an
operational SWIFT system (follows the completion of the SWIFT test)
c. Annual Commercial Operations (Beginning 1 Jan 99)
- Annual operations costs for afully deployed SWIFT system

2) Annual revenues will be estimated for the Annual Commercial Operations phase based
on stratification of the following inputs (i.e., results) from 2nd SWIFT Consumer
Survey

- Percentage of test drivers who would consider purchasing SWIFT
devices/services

- Dallar-value average of Willingness to Pay by device/service

3) All of the current SWIFT partners, except IBM and Delco, will form a profit/cost
sharing entity to procure and operate a fully deployed SWIFT system. Although UW
and King County Metro are public entities, for the purpose of thisanalysis, they will be
considered to function as commercial entities (thiswill enable extrapolation of the
results to other cities asa commercial venture)

4) 1BM and Delco costswill only beincluded for the SWIFT FOT Development (i€,
SWIFT Test) phase

5) All costswill be expressed in 1998 US Dallars, SWIFT test actuals from 1995
through 1997 will be assumed to be equivalent to 1998 US Dollars
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6) Wherelabor rates are not provided, the following unburdened rates will be assumed
(in$/hr)

Engineering and Other Professona Technical Disciplines

Junior Engineer:  $18

Mid-Level Engineer: $28

Senior Engineer:  $35

Engineering Manager: $42

All Other Professional Non-Technical Disciplines
Junior Analyst:  $15

Mid-Level Analyst: $23

Senior Analyst:  $30

Manager:  $35

Technical Specialigts (trades)

Junior Tech:  $10
Mid-Level Tech: $18
Senior Tech:  $25
Cleica: $12

7) Unless specific guidance in provided, all hardware procurement will assume a 10%
added factor to account for equipment maintenance

8) Where overhead rates are not available, a standardized industry Overhead/G& A
multiplier of 2.5 (150% above labor $/hr) will be applied to all 1abor costs

2.1.5. Conduct LCCE Cost Estimation (Objective 3)

As shown in Table 2-6, the focus of Objective 3 wasto Estimate Life Cycle Costs (recurring and
non-recurring) for afully deployed SWIFT system.

Table 2-6 Technical Approach for Objective 3.

Objective Data Source Method of Analysis
3. DevelopalifeCycle Cost Estimate | - !nputsfrom Objectives 1 - Develop Groundrules & Assumptions
(LCCE) for afully deployed SWIFT and 2 - Estimate individual cost elements using
system (recurring and non-recurring proven cost estimating techniques.
costs) - Prepare Basis of Estimates (BOEsS)

Following the development of the groundrules and assumptions, and using the major cost
categories defined in Section 2 as the guideline, the costs of each WBS element were estimated
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using proven techniques. The techniques that were used to estimate costs for the deployed
SWIFT LCCE are described below.

Engineering Build-up. By far the most commonly used approach to estimate deployed SWIFT
L CCE costs was by engineering build-up. Here, during the SWIFT participant interviews and
follow-ups, the engineer or the technical manager POC would typically provide an estimate of the
commercia development phase labor hours required by activity (which were also defined during
the interviews), the type of equipment procurement required, and the types of recurring
operations costs that could be expected. Following this definition, labor rates and overhead
burdens were then to applied to the hours to estimate costs by appropriate labor category. In
some instances the participants overhead rates and staffing labor rates by labor category were
available. In instances where the overhead rates or staffing definition was not available, the
appropriate factors from the groundrules and assumptions were utilized.”

Use of “ Actuals’ For the FOT development phase, with the exception of UW, actual incurred
cost data (i.e., “actuals’) was collected from WSDOT (Larry Senn). This dataincluded the entire
2.75 year collection of SWIFT quarterly finanical invoices and monthly technical reports (which
provided hours). A spreadsheet was then created to provide the complete cost estimate/results
and summary costs for the FOT devel opment phase.

Proposal Analysis. For the UW portion of the deployed SWIFT LCCE, the cost estimate for all
three life cycle phases involved a detailed analysis with UW’ sinvolvement in going through two
proposals, item by item, and making assessments as to which items were SWIFT-related, and then
assigning them to the appropriate SWIFT life cycle phase. Following this, costs were devel oped
based on percentages of hours by task, proposal |abor rates, and proposal-derived “effective”
overhead rates.

Vendor Pricing. Vendor pricing was used in several cases for the deployed SWIFT LCCE to
estimate both non-recurring equipment costs and recurring operations costs. Vendor price quotes
for computer equipment and T1 Line costs were obtained over the Internet.

Parametric Techniques. Parametric techniques use statistically significant rel ationships between
costs and physical or performance parameters. For the deployed SWIFT LCCE, a parametric
cost factor developed by WSDOT was used for the SCS estimate which assumed a direct
relationship between the percentage of SWIFT HSDS bandwidth usage and the costs to SWIFT
of operating the SCS Network Control Center.

In performing the deployed SWIFT LCCE, a Microsoft Excel multi-level spreadsheet was

devel oped to automate cost estimation for all three deployed SWIFT life cycle phases. The
summary-level outputs from this spreadsheet model are provided asresultsin Section 3. In
addition, the output from the modd for the FOT devel opment phase (SWIFT Test) containing the
SWIFT Test “actuas’ costsis provided in full in Appendix A.

® In cases where the |labor category did not match one of the standardized |abor categories in the groundrules and
assumptions, the best match was selected based on the perceived requirements of the activity being performed.
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Table 1-4. SWIFT Participant Breakout.

Device/Condition Existing New Metro
Transit SST Total
Van Pool

Seiko 50 400 -- 70 520
M essageWatch
Delco In-vehicle -- 65 25 -- 90
Navigation Device
Portable Computer -- 80 -- -- 80
Total 50 545 25 70 690

Selection criteria for each category of SWIFT user varied, primarily depending upon the assumed
operational requirements for each devicetype. Asaresult, threetypes of Seitko MessageWatch
users (i.e, existing [i.e., those who owned their own watches], new [i.e., those who were given a
Seiko MessageWatch for thefirst time] and SST [i.e., those who participated in the SST
program] and two types of Delco in-vehicle navigation device users (i.e., new [i.e., SOV
commuters] and Metro Transit Van Pool [i.e,, HOV commuters| wererecruited. The majority of
the eighty (80) SWIFT portable computer users were bus riders with mode-choice options.

The SWIFT FOT Evaluator was also responsible for the following activities:

Device configuration/software installation

Device distribution/installation scheduling
Training/instruction on device usage

Travel profile entry/maintenance

SWIFT Help Desk

User problem analysis/feedback to team members
Device collection/de-install ation

SWIFT newdletter (writing, publication and mailing; WSDOT responsible for editing
and breadboarding)

1.1. Purpose of SWIFT Deployment Cost Study

The overriding purpose of the Deployment Cost Study is to provide an independent Life Cycle
Cost Estimate (LCCE) of an operational and fully deployed SWIFT system. Moreover, it is
intended to provide both the SWIFT participants and the FHWA with a measure of the
commercial viability of "SWIFT-like" systems nationwide.
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consist of the total number of consumers who would comprise the potential market for SWIFT
services. These consumerswill heretofore be referred to as “SWIFT consumers.”

SWIFT consumers are defined here to be all commuter vehicle drivers of both single occupancy
(SOV) and high occupancy vehicles (HOV) who drive more than five miles one-way to work
daily. Itisassumed here that commuters who drive less than five miles on-way to work daily
would not bein the market for SWIFT services due to their short commute to work.

Two steps will be required to estimate the SWIFT market potential.

1) Firgt, it isnecessary to estimate the total “commuter vehicle driver” market in the
Seattle/Puget Sound Metropalitan region. Thisis defined here to be the average tota
number of vehicle drivers, comprising both SOV’s and HOV' s (but not including HOV
passengers), being driven by commuters to work on adaily basis in the Seattle Metro
region. It will be assumed here that HOV’s consist of an average of 2.5 persons.

2) Secondly, it will be necessary to estimate the percentage of commuter vehicle drivers
who drive more than five miles one-way to work daily in the Seettle Metro region, and
then multiply this percentage by the total calculated in step 1 above.

Based on the above steps, the following equation can be set up to illustrate the SWIFT market
potential calculation®:
PHOV 9

=" N
259

Vehcile Commuters

M potenia = Fsmite gpsov +

where: Mpotemid = SWIFT Market Potential (in total number of commuter drivers)
Fswile = Factor for Percent of Commuters who drive more than 5 miles one-way to work
Psov = Percentage of daily commutersin SOVs
Piov = Percentage of daily commutersin HOVs

NV eice commutas = Total Number of daily commuters (all travel methods)

The e ements which make up this equation can be estimated based on the collection of
trangportation, employment and census data for the Seattle Metro region. The data collection
approach centered on collecting applicable statistical data from the Puget Sound Regional Council
(PSRC) organization. PRSC isthe Metropalitan Planning Organization (MPO), for King, Kitsap,

® Based on the relatively small survey sample size and on the type of transportation statistical data available, transit
riders have not been included in this calculation. It isbelieved that including transit ridersin the SWIFT market
potential equation would result in a market potential increase in the neighborhood of three to ten percent.
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Pierce and Snohomish counties, and as one of its functions it performs analyses and maintains an
extensive statistical database of demographic, economic, travel and geographic data of its member
jurisdictions.

2.2.3. Estimation of SWIFT Market Penetration

The second step in developing the CVA isto devel op credible estimates/forecasts for what levels
of market penetration might be expected by the deployed SWIFT system. In other words, it is
necessary to develop an estimate of what percentage or range of percentages (i.e., market
penetration) of the SWIFT market potential defined above would be likdy for afully deployed
SWIFT system well into its operational phase.

The approach to estimate market penetration centered on an evaluation of the use of a survey tool
during the SWIFT FOT to measure SWIFT test user interest in SWIFT products and servicesin
the future. Specifically, Figure 2-3 provides the question that was asked to SWIFT FOT users of
each of the three SWIFT devices to determine appropriate levels of market penetration. This
guestion was devel oped early on and provided to the SMFT Consumer Acceptance Sudy
Manager for implementation in the “ Willingnessto Pay” portion of the SWIFT FOT surveys. For
adetailed discussion of the survey sampling methodol ogy employed here, see Section 2 of the
SWMFT Consumer Acceptance Sudy Final Report.

How willing would you beto subscribeto a current systemlike (check one
SWIFT if the current information serviceswereretained? response)
Would definitely subscribe o
Would probably subscribe o
Not Sure O
Would probably not subscribe o
Would definitely not subscribe o

Figure 2-3. “Willingnessto Pay” Subscription Purchase Interest Survey Question.

Based on the results for the above question, three percentage level s of market penetration are
developed for low, medium and high market level penetration, respectively. The“low” level was
estimated as the average percentage of responses for the three SWIFT devicesto the “would
definitely describe’ questions. The“high” level was estimated as the average percentage of
responses for the three SWIFT devices combining the “would definitely describe’ and the “would
probably subscribe’ response percentages. Finaly, the“ medium” was selected as the midpoint
percentage between the low an high values.

In addition, asa“check” to make sure that consumers willing to subscribe to SWIFT services
would also being willing to purchase the equipment up-front, the questions provided below in
Figure 2-4 are also asked of SWIFT FOT users.
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Would consider purchasing your Seiko M essage (check one
Watch or afutureversion of thiswatch? response)
No ©)
Yes ©)
Would you consider purchasing SWIFT softwareto (check one
operate on your own PC? response)
No O
Yes ©)
Would you consider purchasing ayour Delco in- (check one
vehicle navigation device or a future version of this response)
device?

No O
Yes O

Figure 2-4. “Willingnessto Pay” Device Purchase Interest Survey Questions.
2.2.4. Estimation of SWIFT Subscription Fees

Estimation of the appropriate consumer SWIFT subscription feesis conducted by the use of a
survey tool during the SWIFT FOT.

Figure 2-5 provides the survey question that is used to directly estimate the average subscription
fee that consumers would be willing to pay for SWIFT services for afully deployed SWIFT
system. This question was developed early on and provided to the SMFT Consumer Acceptance
Study Manager for implementation in the “ Willingnessto Pay” portion of the SWIFT FOT
surveys. For adetailed discussion of the survey sampling methodol ogy employed here, see
Section 2 of the SMFT Consumer Acceptance Study Final Report.

How much per month would you consider to be a fair (check one
subscription pricefor the SWIFT servicesyou response)
currently receive, assuming that the SWIFT system
was fully functional and reliable?

$0

$5

$10
$15
$20
$25
$30

Ol0|O0|0|0|0]|0O

Figure2-5. SWIFT Subscription Fee “ Willingnessto Pay” Survey Question.
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2.2.5. Estimation of Annual SWIFT Revenues

The estimation of annual SWIFT revenuesis calculated based on the results of the first three steps
of the commercial viability analys's methodol ogy as shown in the equation below. Here, annual
SWIFT revenues are defined as all subscription fees collected per year from user monthly
subscriptions to SWIFT services (i.e., subscriptions to Seiko Message Watches, PC Internet
access account, Delco-like devices).

I:\)Annual = SAverage ’ I:)Market ’ M Potential

where: RAnnua, = SWIFT annual revenues from consumer subscription fees
SAve,age = Average annual SWIFT subscription fee for a consumer (see Section 2.4.4)
Plake = Percentage of Market Penetration (see Section 2.4.3)

M poenia = SWIFT Market Potential (see Section 2.4.2)

The above equation is used to estimate annual SWIFT revenues for all three market penetration
scenarios (low, medium, high).

2.2.6. Comparison with LCCE Annual Commercial Operations Costs (Objective 4)

Thefina step in the commercial viability analysisis to quantitatively compare the annual SWIFT
revenues cal culated above (for all three market scenarios) with the deployed SWIFT annual
commercial operations phase costs estimated in the SWIFT LCCE. Based on this comparison, it
should then be obvious if the annual revenues will support the overall cost estimate. For each
market scenario evaluated, the estimated annual revenues must support the annual commercial
operations cost estimate in order to ensure commercial viability of deployed SWIFT operations.
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3. RESULTS

The following sections provide the SMFT Deployment Cost Sudy results of the both the
deployed SWIFT Life Cycle Cost Estimate (LCCE) and the deployed SWIFT Commercial
Viability Analysis (CVA). The LCCE and CVA results were devel oped based on the
methodology outlined in Section 2. In addition, the results of the LCCE served as an input to the
CVA. A discussion on how these results might be applied to other U.S. metropolitan areasis
provided in Section 4.

3.1. LCCE Results

3.1.1. LCCE Summary-Level Results

An overview of the results of the deployed SWIFT LCCE is presented below in Table 3-1, and in
Figures 3-1 through 3-6. Table 3-1 presents the summary-level spreadsheet which provides all of
thetotal costs by participant and life cycle phase. Figure 3-1 provides an overview of the financial
share of each SWIFT participant. Figure 3-2 provides an overview of total life cycle costs by
year. Figure 3-3 provides a summary of total labor hours by participant and life cycle phase.
Figure 3-4 provides a summary of total loaded (i.e, with overhead and G& A included) labor costs
by participant and life cycle phase. Figure 3-5 provides a summary of other direct costs (e.g.,
equipment, travel, software licensing, etc.) by participant and life cycle phase.

In the following sections, the detailed LCCE estimates by participant are presented. For each
participant estimate, the following is provided:

1) A system description provided the technical definition of the relevant SWIFT eements
that isrequired so that the SWIFT participant activities can be analyzed and costed

2) TheFOT development phase cost estimate, with supporting basis of estimates
3) The commercial development phase cost estimate, with supporting basis of estimates
4) The Annual Operations cost estimate, with supporting basis of estimates

5) The corresponding LCCE, providing an estimate of the total costs that would be
required to develop, test, deploy and operate the participant’s portion of acommercial
SWIFT system
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Table 3-1. Deployed SWIFT Life Cycle Cost Estimate (LCCE) Summary.

Participant FOT Development Commercial Development Annual Commercial Operations Life Cycle Cost (5 years of Ops.)
Hours | Labor | ODC's | Total | Hours | Labor | ODC's | Total | Hours | Labor | ODC's | Total Hours | Labor | ODC's Total
SCS 19,137| $1,605K | $500K | $2,105K 1,005 $64K $82K | $147K 804 $51K $66K | $117K 24,162| $1,926K | $911K | $2,837K
Metro Networks 4,348] $264K| $320K | $584K 8,249 $493K $11K | $504K 6,188| $370K $2K | $371K 43,536 $2,604K | $340K | $2,944K
Etak 7,760 $639K| $248K| $887K 3,840| $254K $OK |  $254K 1,920 $134K $OK |  $134K 21,200| $1,565K | $248K | $1,813K
uw 32,136] $857K| $220K | $1,077K | 10,998 $442K $81K | $522K 1,922 $105K $30K | $135K 52,741 $1,822K | $450K | $2,272K
Metro Transit 1,751 $73K $2K $75K 2,060 $86K $OK $86K 1,545 $65K $OK $65K 11,536 $483K $2K $485K
IBM 5123] $342K| $194K| $536K 0 $OK $OK $OK 0 $OK $OK $OK 5123| $342K| $194K $536K
Delco 14,101 $750K | $344K | $1,093K 0 $OK $OK $0K 0 $OK $OK $0K 14,101| $750K | $344K | $1,093K
TOTAL 84,356| $4,529K | $1,828K | $6,357K | 26,151| $1,339K | $174K| $1,513K| 12,379] $725K $97K | $822K | 172,401| $9,493K | $2,488K | $11,981K
FOT Development Commercial Development Annual Commerical Operations
Metro
Metro
b Transit SCS .
elco o 10% Transit SCS
17% 6% 8% 14%
SCS uw
34% 16%
IBM
. uw
8% Metro
34%
Metro Networks
Transit 33%
1%
uw Etak
17% Metro 16% Metro
Bk Nevorke Etak Networks
14% 0 17% 46%
Figure 3-1. LCCE Overview by SWIFT Participant Share.
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Figure 3-5. LCCE Other Direct Costs (ODC’s) Overview.

SWIFT Deployment Cost Study 32



3.1.2. SCS Cost Estimate

System Description

The core of the SWIFT system is utilization of the Seattle area FM sub-carrier High Speed
Data System (HSDS) that was devel oped by Seiko Communications Systems (SCS), a
member of the Seiko Group of companies. The HSDS was devel oped as a means of
creating a network for delivering personal communication information services. HSDS
has been commercially deployed by SCSin Portland, Seattle, Los Angeles, New York,
San Diego, Las Vegas and in the Netherlands, and is the result of an SCS investment of
more than $50 million.

HSDS takes advantage of the un-utilized spectrum available in the non-audio region of
commercial FM transmittersin the 75-108 kHz frequency band. In particular, by using the
existing worldwide FM broadcast infrastructure, HSDS technol ogy dramatically decreases
the cost basis of ddivering personal communication services to the consumer. Any FM
broadcast transmitter can be enabled to carry the HSDS sub-carrier. HSDS can be
transmitted in conjunction with other sub-carrier services such as Radio Data Systems
(RDS).

The HSDS protocal is aone-way communications protocol that permits the use of very
small receivers. HSDS can operate as a stand-alone single station (channel) system, or as
multiple systems operating independently in a geographical area with each system
including multiple stations. The HSDS data rate is 19 kbps in a bandwidth of 19 kHz,
which is symmetric and centered at 66.5 kHz (i.e. between 57 kHz and 76 kHz). The
HSDS sub-carrier is added on to the FM station’ s baseband signal before being FM
modulated onto the Radio Frequency (RF) carrier.

In Sesettle, the SCS HSDS had previously been used to transmit both standard pager
information (i.e., telephone numbers and short messages) and value-added services (e.g.,
sports scores, stock market data) from seven radio stations which provide broad coverage
of the entire metro area. For SWIFT, traffic information was provided as another value-
added service available to a special set of SWIFT receiversincluding Seitko Message
Watches, in-vehicle receivers such as the Delco SWIFT test device, and laptop computers
equipped with a special receiver/antenna.

Conceptually, the SWIFT SCS Message Data System (MDYS) information flow and
transmission operations consist of several input streams each entering via a Message Entry
(ME) unit, asillustrated below in Figure 3-6. The relevant data then passes through a
Message Processor (MP) which routes the data to a multiplicity of Transmission
Equipment (TREQ) units where each TREQ unit prepares the data for transmission. The
data are then transmitted from the SCS HSDS control center in Portland, Oregon via
satellite to the seven FM stations in the Sesattle area, which in turn broadcast the data via
an FM sub-carrier to be received by the three receiver types.
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Figure 3-6. M essage Date System (MDS) Information Flow at the SCS Network
Node.

The SWIFT MDS can receive data from a variety of potential traffic information input
sources including telephone/voice/modem inputs, GPS time/date and location verification
data, Metro Network processed freeway loop (originated at WSDOT) and incident data
viathe Internet, Metro Network generated traffic incident data for Message Watches via
the Internet, bus location data from UW via the Internet, and confirmation of rideshare
data from UW viathe Internet.

FOT Development Phase Cost Estimate

The SCS SWIFT FOT development cost estimate includes all actual costs accrued during
the SWIFT Test from 1 January 1995 through 30 September 1997. While the total
breadth of SCS SWIFT activities performed during the SWIFT test is beyond the scope of
thisreport, the following SCS design, devel opment, testing and evaluation activities
provide a broad description of what e ements contributed to SCS FOT development costs:

SCS assumed |leadership of al major SWIFT architecture devel opment
activities, and led the development of all mgjor SWIFT system requirements

Served as the lead system engineer and integrator of hardware and software for
al SWIFT participants

Developed recelver system requirements for the PDA and Car Radio for IBM
and Delco, respectively; subsequently assisted in development of respective
specifications

Assisted Metro Networks in devel oping Traffic Workstation (TWS) system
requirements and specification

Developed and installed improved HSDS communi cations equipment and
antennas

Developed HSDS/SWIFT over-the-air protocols for SCS and other SWIFT
participants

Developed, tested and fielded improved technology SCS receivers for SWIFT
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Developed and tested numerous software code items for SCS and other
SWIFT participants

Developed computer simulations for HSDS and SWIFT
communi cationg/operations which involved extensive use of mathematical
modeling and algorithm devel opment

Deveoped system for HSDS and SWIFT hardware and software and testing

Installed SWIFT-specific hardware at the SCS HSDS Network Operations
Center

P 1SWIFT Server & 1 Firewall Computer ($20,000 total)
P 1 Clearinghouse Processor and associated Routers ($25,000 total)

Supported Alpha, Beta and Final Evaluation testing of the HSDS system and
the overall SWIFT system

Provided management functions, coordination and meetings with the SWIFT
team, supported the evaluation team, and provided other support to the
SWIFT project as required

The result of the SCS SWIFT FOT development cost estimate is presented in Table 3-2.
The costs and hours shown are all “actuals,” and have been collected from the
corresponding Quarterly SWIFT Invoice Summaries and the SWIFT Monthly Progress
Reports. The complete detailed spreadsheet breakout is presented in Appendix A.

Table3-2. SCSFOT Development Cost Estimate.
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19,137 | $1,073K | $532K | $1,605K | $332K $168K $500K | $1,405K | $700K | $2,105K
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Commercial Development Phase Cost Estimate

The SCS SWIFT commercial development cost estimate is an estimate of the additional
costs that would necessary to complete devel opment and testing of SCS's portion of the
SWIFT system prior to the full deployment of acommercial SWIFT system. Thetime
period assumed for the commercial development phase cost estimate is 1 October 1997
through 31 December 1998.

In an interview conducted with SCS SWIFT Project Manager it was stated that SCS did
not anticipate that any further development costs would be required to enable the full
deployment of a commercial SWIFT system. Moreover, SCS stated that the existing SCS
SWIFT architecture would be able to support atotal of between 400,000 and 600,000
usersin the Seattle Metro Area.

Based on interviews with SCS, it appears that the only costs that would be incurred during
the commercial devel opment phase are the SWIFT-related labor and equipment

mai ntenance portions of the SCS Network Operations Center, and the SWIFT portion of
the FM station leasing fees for HSDS transmission.

In a June 1997 memo, WSDOT estimated that the SWIFT portion of the HSDS
bandwidth was 14.6%." ® The assumption was then made that the SWIFT percentage of
HSDS bandwidth would be directly related to the percentage of SCS labor costs spent on
SWIFT operations, which are conducted in the SCS Network Operations Center.
Following this assumption, based on an estimated total staffing of 3 full-time employees at
the Network Operations Center, the memo allowed for the estimation of SCS SWIFT-
related monthly labor costs as follows:

Labor(loaded) =3 FTE @ $9,779/ month = 14.6% = $4,283/ month

Note that applying this equation to hours yields an estimate of atotal of 67 labor
hours/month.

In addition to the above monthly labor costs, annual equipment maintenance costs are
calculated by applying a 10% factor, based on the generalized groundrules provided in
Section 2, to the original SWIFT server/firewall/clearinghouse processor toal cost of
$45,000 (estimated above), to yield an annual maintenance cost estimate of $4,500,
equivalent to a monthly maintenance cost of $375.

In interviews, SCS provided an average estimate of FM station HSDS leasing costs to be
$5000 per station per month.® Applying the WSDOT 14.6% SWIFT bandwidth-based

" Larry Senn, “SWIFT Supplement 4 — Clarification of Scope and Cost/Memo to Paul DePalma’,
Washington State Department of Transportation, June 20, 1997.

8 Note that the HSDS bandwidth of 14.6% includes that bus data stream, which takes up more than 50%
of thetotal bandwidth.

° Note that HSDS leasing rates vary significantly across the nation depending on market size and local
demand.
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usage factor to thisyields a SWIFT-related cost estimate of $730 per station per month.
Thusfor all seven FM stations, the combined FM monthly leasing cost is estimated to be
$5,110.

Combining the labor and ODC cost/hour estimates, and multiplying by the 15 month
period of the commercial development phase, yields the cost estimate for the SCS SWIFT
FOT development phase, which is presented in Table 3-3.

Table 3-3. SCS SWIFT Late Deployment Cost Estimate.

Hours (Total) Labor (Loaded) Other Direct Costs Total Cost
1,005 $64K $82K $147K

Annual Commercial Operations Cost Estimate

The SCS SWIFT annual commercial operations cost estimate is an estimate of the cost of
operations of acommercially deployed SWIFT system per year following the full
deployment of a commercial SWIFT system on 1 January 1999.

SCS SWIFT operations costs are as based on the monthly operations cost estimates
calculated in the above commercial development cost estimate, namely:

Monthly SWIFT-related labor cost (loaded) = $4,283 (67 hours)
Monthly SWIFT-related HSDS FM stations leasing cost = $5,110
Monthly SWIFT equipment maintenance cost = $375

Thus, these costs extended to 12 months make up the SCS SWIFT annual operations cost
estimate, which is presented in Table 3-4.

Table 3-4. SCS SWIFT Annual Operations Cost Estimate.

Hours (Total) Labor (Loaded) Other Direct Costs Total Cost
804 $51K $66K $117K

Life Cycle Cost Estimate

Based on the above, the SCS SWIFT LCCE, presented in Table 3-5, provides an estimate
of the total costs that would be required to devel op, test, deploy and operate the SCS
portion of acommercial SWIFT system. For analysis purposes, the LCCE assumes afive
year period of operations.
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Table 3-5. SCS SWIFT Life Cycle Cost Estimate.
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Cost Estimate Time Period Hours (Total) | Labor (Loaded) ODC's Total Cost
FOT Development Jan 95 thru Sep 97 19,137 $1,605K $500K $2,105K
Commercial Development Oct 97 thru Dec 98 1,005 $64K $82K $147K
Annual Commerical Operations| Annual from 1/1/99 804 $51K $66K $117K
Life Cycle Cost (5 yrs. Ops.) Jan 95 thru Dec 03 24,162 $1,926K $911K $2,837K

3.1.3. Metro Networks Cost Estimate

System Description

Metro Networks, at its downtown Seattle traffic information control center, recelves
traffic information from a number of sources, including: two spotter aircraft, police
reports, state and local DOTS, special event operators, cellular phone calls and loop
detector data from the University of Washington. In addition, Metro Networks operators
phone state patrols three times every hour during peak traffic conditions and two times
every hour during off-peak traffic conditions. Most of the datais received orally over
telephone and radio, and is manually keyed into text to be communicated to, and read by,
traffic reporters, radio and television broadcasters, and law enforcement personndl.

For SWIFT functions, the SWIFT Traffic Work Station (TWS) allows the Metro
Networks operator to conveniently convert the information into a highly compressed,
georeferenced form which is then communicated via the Internet to the SCS broadcast
server for FM sub-carrier HSDS transmission. The SWIFT TWS was devel oped jointly
by Metro Networks and Etak, with Metro Networks responsible for TWS hardware and
operations, and Etak responsible for the software development, installation and

mai ntenance.
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Figure3-7. SWIFT Data flow at Metro Networks.

The SWIFT TWS can communicate entered incidents or events via the Internet to SCSin
one of two ways, namely: (a) as a reference location (16 bit code), or (b) asa
latitude/longitude location (32 bit code). The reference location selects the location from a
Location Reference Table which consists of 65,536 locations. The SWIFT TWS event
descriptions are based on the I TIS standard which provides 2,048 standard messages for
describing traffic and road conditions, and other common traveler information.

Because Setko Message Watches cannot interpret location or message codes, short text
messages must be independently devel oped for the pager watches. In addition, dueto
l[imited memory and battery capacity, the watches can handle only a fraction of the
messages sent to the PCs and Delco in-vehicle navigation devices. Hence, the SWIFT
TWS message table contains watch messages only for the most important “high impact”
incidents. Furthermore, the Location Reference Table includes abbreviated road and
location descriptions that are suitable for pager watch display. In addition, the pager watch
users provide the TWS with alist of most frequently used freeway road sections (user
profile).

The SWIFT TWS automatically produces pager watch messages, but the operator can
sdlect from a message-list which messages he/she wants to be sent. In addition, the
SWIFT TWS operator can create custom messages for transmission to the watches (and
to the other devices). The advantage of the message-list approach isthat it providesa
compressed format by which detailed descriptions of incidents and events can be
transmitted with relatively little channel capacity compared to sending the descriptions
themselves.
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The SWIFT TWS also receives |oop data from the University of Washington. The loop
datais sent in the High Speed Data System-Bearer Application Protocol (HSDS-BAP)
format from UW so that the data received by the SWIFT TWSis already properly
formatted for transmission and broadcast. Edited |oop data are then sent via the Internet
to SCSfor final HSDS broadcast.

FOT Development Phase Cost Estimate

The Metro Networks SWIFT FOT development cost estimate includes all actual costs
accrued during the SWIFT Test from 1 Jan 1995 to 30 Sept 1997. These costs include all
SWIFT design, development, testing and evaluation activities performed by Metro
Networks as shown here:

Supported architecture development of SWIFT system with focus on Metro
Networks user interface to the SWIFT system; worked with SCS, IBM, UW
and Etak in support of user interface developments, issues and modifications

Worked with Etak to develop, test, ingtall, and maintain, and upgrade the
prototype SWIFT Traffic Work Station (TWS) at Metro Networks

Worked with Etak to install “spare” SWIFT TWS at Metro Networks

Operated the prototype SWIFT TWS at Metro Networks in support of
“running” the SWIFT system

Supported Alpha, Beta and Final Evaluation testing of the SWIFT system, and
provided feedback from SWIFT TWS operators

Provided management functions, coordination and meetings with the SWIFT
team, supported the evaluation team, and provided other support to the
SWIFT project as required

Theresult of the Metro Networks SWIFT FOT devel opment cost estimate is presented in
Table 3-6. Whilethetotal costs and hours for the SWIFT test shown in the table below
aredl “actuas,” since Metro Networks only provided three invoices during the 2.5 year
SWIFT test, the costs from 95Q2 through 97Q2 had to derived based on an average of the
total costs from the invoice that Metro Networks provided in 97Q2 (i.e, thiswasthe first
invoice Metro Networks provided since 95Q1). The complete spreadsheet breakout is
presented in Appendix A.
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Table 3-6. Metro Networks FOT Development Cost Estimate.
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4,348

$43K

$220K

$264K

$52K

$268K

$320K

$96K

$488K

$584K

Commercial Development Phase Cost Estimate

The Metro Networks SWIFT commercial development cost estimate is an estimate of the
additional costs that would necessary to compl ete devel opment and testing of Metro
Networks's portion of the SWIFT system prior to the full deployment of a commercial
SWIFT system. The time period assumed for the commercial development phase cost
estimate is 1 October 1997 through 31 December 1998.

In interviews conducted with Metro Networks, it was determined that the costs incurred
during the commercial devel opment phase would consist of the continued costs of the
Metro Networks operations of the SWIFT TWS, the upgrade of the existing SWIFT TWS
computer systems, and the cost of an ISDN line for improved Internet connectivity with
the other SWIFT team members.

The weekly cost of Metro Networks operations of the SWIFT TWS are shown below in
Table 3-7. Based on interviews with Metro Networks, it was determined that the labor
hours would consist of afull time Project Manager to oversee all SWIFT TWS and other
SWIFT-related activities, and two or more TWS operators available for the following
hours. 6 am to 7 pm Monday to Friday; 10 am to 6 pm Saturday, and 12 am to 6 pm
Sunday. The labor rates and overhead rates used below were based on the generalized
groundrules provided in Section 2.2.4, with the assumption that a TWS Operator is
equivalent to aMid-Level Technical Specialist (trades).
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Table 3-7. Metro Networks SWIFT TWS Weekly Operations Cost Estimate.

Labor Category Hours Rate ($/hr) Labor Cost Overhead/G&A | Labor (Loaded )
Project Manager 40 35 $1,400 $2,100 $3,535
TWS Operators (2) 79 18 $1,422 $2,133 $3,573
Total 119 $7,108

Based on interviews with Metro Networks, it was also determined that at upgrade/
replacement of the existing SWIFT TWS computer and spare would be desirable during
the commercial development phase. Based on a price quote from Gateway 2000, a 300
MHz Pentium Il “NT workstation class’ system with 128 MB Ram, large monitor, and
significant additional features, would cost $4,925. Thus replacing both the existing
SWIFT TWS computer and the spare SWIFT TWS computer would extend the cost to
$9,850 total. Notethat it isassumed here that Etak would be responsible for configuring
the machine with the necessary TWS software. Note also that it is assumed here that the
warranty would cover any computer maintenance costs through the commercial
development period.

Metro Networks also expressed the desire to move to | SDN-based Internet connectivity
for its SWIFT TWS's. Based on atypical 1SDN installation and service price quote™,
ISDN costs per SWIFT TWS computer would be a one time fee or $196 for installation,
and $435 in total monthly service charges for the commercia devel opment phase ($29
monthly x 15 months). Extending this cost for both SWIFT TWS's (to include the spare)
provides atotal ISDN installation and service cost of $1262.

Combining the labor and ODC cost/hour estimates detailed above yieds the cost estimate
for the Metro Networks SWIFT commercial devel opment phase, which is presented in
Table 3-8.

Table 3-8. Metro Networks SWIFT Commercial Development Cost Estimate.

Total Cost
$504K

Other Direct Costs
$11K

Hours (Total)
8,249

Labor (Loaded)
$493K

Annual Commercial Operations Cost Estimate

The Metro Networks SWIFT annual commercial operations cost estimate is an estimate of
the cost of operations of a commercially deployed SWIFT system per year following the
full deployment of a commercial SWIFT system on 1 January 1999.

10 Gateway 2000 Price Quote #10214224, 2/14/98, Model E-5000 300, 300 MHz Pentium 11, 128 MB
RAM, Windows NT, 19" Monitor, 8 MB Video Care, 9GB SCS| HD, 32X CD-ROM, 56.6 Modem,
10/100 Ethernet Card, Zip Drive, Tape Backup, LAN software, Uninterrupted Power Supply, Gold
Warranty

! pacific Bell “FasTrak Business ISDN” price quote, 2/14/98
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Metro Networks SWIFT operations costs are as largely based on the monthly operations
cost estimates calculated in the above commercial development cost estimate, namely:

Weekly SWIFT-reated labor cost (loaded) = $7,108 (119 hours)
Monthly ISDN Service = $58

In addition, annual equipment maintenance costs are calculated by applying a 10% factor,
based on the generalized groundrules provided in Section 2, to the SWIFT TWS computer

cost of $9,850 (estimated above), to yield an annual maintenance cost estimate of $985.

Thus, the these costs extended to 12 months make up the SCS SWIFT annual operations
cost estimate, which is presented in Table 3-9.

Table 3-9. Metro Networks SWIFT Annual Operations Cost Estimate.

Hours (Total)

Labor (Loaded)

Other Direct Costs

Total Cost

6,188

$370K

$2K

$371K

Life Cycle Cost Estimate

Based on the above, the Metro Networks SWIFT LCCE, presented in Table 3-10,
provides an estimate of the total costs that would be required to devel op, test, deploy and
operate the Metro Networks portion of acommercial SWIFT system. For analysis
purposes, the LCCE assumes a five year period of operations.

Table 3-10. Metro Networks SWIFT Life Cycle Cost Estimate.
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FOT Development Jan 95 thru Sep 97 4,348 $264K $320K $584K
Commercial Development Oct 97 thru Dec 98 8,249 $493K $11K $504K
Annual Commerical Operations | Annual from 1/1/99 6,188 $370K $2K $371K
Life Cycle Cost (5 yrs. Ops.) Jan 95 thru Dec 03 43,536 $2,604K $340K $2,944K
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3.1.4. Etak Cost Estimate

System Description

Over the last decade, Etak has been on the forefront in developing digital geographic maps
and related technologies. For SWIFT, in addition to serving as the georeferencing
consultant, and assisting with the overall design of the SWIFT system, Etak provided:

1) SWIFT software for Metro Networks Traffic Workstations (TWS's)

2) Geocoded business listings and address files for destination finding with the
Delco in-vehicle navigation device

3) Software, map database, and business listings to display real-time traffic and
bus positions and to find destinations with portable computers

4) Software that sends personalized traffic alertsto Seiko MessageWatch pagers
based on individual travel profiles stored in the Metro Networks TWS's

For PC use on SWIFT, Etak map-based software allows the user to show the location of
each piece of data and to select the type of information (i.e., traffic incident, congestion or
trangit vehicle location) to be displayed. Each type of information is updated or re-sent at
regular intervals. A "yellow pages' directory is also installed and linked to the map-based
software to show the location of a selected business. The software also offers transit
schedule information from static database tables inside the computer.

FOT Development Phase Cost Estimate

The Etak SWIFT FOT development cost estimate includes all actual costs accrued during
the SWIFT Test from 1 January 1995 through 30 September 1997. These costsinclude
all SWIFT design, development, testing and evaluation activities performed by Etak as
shown here:

Supported architecture devel opment of the SWIFT system

Worked with Metro Networks to develop, test, install, and maintain, and
upgrade the prototype SWIFT Traffic Work Station (TWS) at Metro
Networks; devel oped software for Metro Networks user interface

Worked with Metro Networksto install “spare” SWIFT TWS at Metro
Networks

Devel oped a map software tool which allowed devel opers to rapidly create a
map (based on Etak’s global map libraries) for any windows software
application

Developed updated digital map of Seattle Metro areafor use on PDA’s and
Laptops, and in support of Metro Transit AVL system
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P Provided alicensed version of Sesttle Metro area digital map for the
SWIFT system at a cost of about $230K (see ODC “spike’ in table
below for 4th Quarter 1996)

Worked with SCS, UW and IBM to develop various SWIFT software tools;
devel oped components of incident database and user profile software

Supported Alpha, Beta and Final Evaluation testing of the SWIFT system

Provided management functions, coordination and meetings with the SWIFT
team, supported the evaluation team, and provided other support to the
SWIFT project as required

The result of the Etak SWIFT FOT development cost estimate is presented in Table 3-11.
The costs and hours shown are all “actuals’, and have been collected from the
corresponding Quarterly SWIFT Invoice Summaries and the SWIFT Monthly Progress
Reports. The complete detailed spreadsheet breakout is presented in Appendix A.

Table 3-11. Etak FOT Development Cost Estimate.
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7,760 $579K $60K $639K $16K $232K $248K $595K $292K $887K

Commercial Development Phase Cost Estimate

The Etak SWIFT commercial development cost estimate is an estimate of the additional
costs that would necessary to complete devel opment and testing of Etak’s portion of the
SWIFT system prior to the full deployment of acommercial SWIFT system. Thetime
period assumed for the commercial development phase cost estimate is 1 October 1997
through 31 December 1998.

In interviews conducted with Etak, it was determined that the only costs that would likely
be incurred by Etak during the commercial devel opment phase would consist of the
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additional software devel opment that would be required to develop “commercial” versons
or upgrades of it’s prototype SWIFT-related software, namely:

Integrate new Seattle Metro Area digital map (being devel oped separately by
Etak)

Re-engineer PC user SWIFT Windows-based software to makeit into aviable
commercia product — requires additional features and an improved user
interface

Upgrade SAIC-devel oped user profile software to be a robust and
sophisticated “operational” product that can support large-scale public use

Update and improve “yellow pages’ database of Seattle Metro Area businesses

Based on interviews with Etak, it was determined that about two staff-years of software
development labor would be required during the commercial development phaseto
complete these activities. As shown below in Table 3-12, it is assumed here that this
would consist of one staff-year by a Senior Software Engineer and 1 staff-year by a Junior
Software Engineer. The labor rates and overhead rates used bel ow were based on the
generalized groundrules provided in Section 2.

Table 3-12. Etak SWIFT Software Development Labor Cost Estimate.

Labor Category Hours Rate ($/hr) Labor Cost Overhead/G&A | Labor (Loaded )
Senior Software Engr. 1,920 35 $67,200 $100,800 $168,035
Junior Software Engr. 1,920 18 $34,560 $51,840 $86,418
Total 3,840 $254,453

The above yields the cost estimate for the Etak SWIFT commercial development phase,
which is presented in Table 3-13.

Table 3-13. Etak SWIFT Commercial Development Cost Estimate.

Hours (Total) Labor (Loaded) Other Direct Costs Total Cost
3,840 $254K $OK $254K

Annual Commercial Operations Cost Estimate

The Etak SWIFT annual commercial operations cost estimate is an estimate of the cost of
operations of acommercially deployed SWIFT system per year following the full
deployment of a commercial SWIFT system on 1 January 1999.

Based on interviews with Etak, it was determined that Etak costs during the operations
phase would be based on having the equivalent of one full-time software support person
available for consulting and for performing troublshooting and minor upgrades to the Etak
SWIFT hardware asrequired. The estimate of this labor cost is shown below in Table 3-
14. Note that the actual staffing for these hours would likely consist of a be mix of senior,
mid-level junior personnel. The labor rates and overhead rates used below were based on
the generalized groundrules provided in Section 2.
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Table 3-14. Etak SWIFT Software Support Labor Cost Estimate.

Labor Category

Hours

Rate ($/hr)

Labor Cost

Overhead/G&A

Labor (Loaded )

Mid-Lvl Software Engr.

1,920

28

$53,760

$80,640

$134,428

The above yields the cost estimate for the Etak SWIFT commercial development phase,
which is presented in Table 3-15.

Table 3-15. Etak SWIFT Annual Operations Cost Estimate.

Hours (Total)

Labor (Loaded)

Other Direct Costs

Total Cost

1,920

$134K

$OK

$134K

Life Cycle Cost Estimate

Based on the above, the Etak SWIFT LCCE, presented in Table 3-16, provides an
estimate of the total costs that would be required to devel op, test, deploy and operate the
Etak portion of acommercial SWIFT system. For analysis purposes, the LCCE assumes a
five-year period of operations.

Table 3-16. Etak SWIFT Life Cycle Cost Estimate.
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Cost Estimate Time Period Hours (Total) | Labor (Loaded) ODC's Total Cost
FOT Development Jan 95 thru Sep 97 7,760 $639K $248K $887K
Commercial Development Oct 97 thru Dec 98 3,840 $254K $OK $254K
Annual Commerical Operations| Annual from 1/1/99 1,920 $134K $OK $134K
Life Cycle Cost (5 yrs. Ops.) Jan 95 thru Dec 03 21,200 $1,565K $248K $1,813K
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3.1.5. UW Cost Estimate

System Description

The University of Washington's role on SWIFT was to develop the necessary data
processing capahilities, in the form of software and hardware, to allow for the fusion of
data from three sources, namely:

(a) Loop detector data from WSDOT indicated by volume, occupancy and speed
in the case of dual loop detectors.

(b) AVL data from Metro Trangit indicated as routes (a series of geographical
locations placed sequentially in afile), and status (a code indicating such
parameters as type of route, type of vehicle, schedule adherence, etc.).

(c) Rideshare data from the World Wide Web (WWW) about potential participants
in dynamic car pools.*?

WSDOT

Volume

Link Speed .
Data Fusion —— | ITS Encapsulation

Occupancy

Speed

Ride share DB

ITS Encapsulation

Metro Transit

Bus Routes

Metro Traffic

Bus Distance Along Route Data Fusion

ITS Encapsulation
Transit Vehicle
Location

Bus Status

University of Washington

Figure3-8. UW SWIFT Functions.

As shown in Figure 3-8, these data sources are then encapsulated and fused to generate
three types of data streams for eventual transmission viathe HSDS. These data streams
include the following:

() Measured and estimated travel speeds on regional freeways.
(b) Estimated current locations of Metro buses.

(c) Selected dements from a database of information on potential rideshare
participants.

2Although it' s related, the rideshare project is not technically part of SWIFT -- only arelatively small
number of SWIFT participants could use this service.

SWIFT Deployment Cost Study 48



FOT Development Phase Cost Estimate

The UW SWIFT FOT devel opment cost estimate includes all actual costs accrued during
the SWIFT Test from 1 January 1995 through 30 September 1997. These costsinclude
al SWIFT design, development, testing and evaluation activities performed by UW as
shown here:

Supported sdlection of SWIFT base data elements (i.e., traveler information
inputs)

Defined data package formats for each selected base data e ement

Worked with SWIFT Team membersto plan system architecture and data flow
data needs (IBM for PC & PDA services, Delco for radio services, Seiko for
Message Watch services)

Worked with providers of base data elements (WSDOT, Metro Transit &
Metro Networks) to secure robust data streams for the life of the SWIFT
project.

Enhanced the regional “backbone’ data network to make the data obtained
from the providers as well as the appropriate bandwidth is available for each

b Hardware costs for the backbone were determined (based on UW
invoices) to be $44.2K and consisted of 9 personal computers/servers
and alaser printer

Designed and implemented prototype software to validate source data elements
prior to delivery to the Seiko HSDS

Designed and implemented prototype software to fuse source data € ements
into desired format prior to delivery to the Setko HSDS

Provided technical assstance and design specifications (format and bandwidth)
to Salko for integrating the data on the regional backbone with the HSDS
network

Supported Alpha, Beta and Final Evaluation testing of SWIFT by providing
validated, fuzed data to the Setko HSDS network

Provided management functions, coordination and meetings with the SWIFT
team, supported the evaluation team, and provided other support to the
SWIFT project as required

The result of the UW SWIFT FOT devel opment cost estimateis presented in Table 3-17.
Since “actuals’ were not available from UW, this estimate was instead created based on
the costs detailed in the Budget Estimate in the original UW proposal that was submitted
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to WSDOT in October 1994. % It has been verified with WSDOT that the total value of
this proposal Budget Estimate ($1.076M) was equal to the total amount spent by UW at
the end of the SWIFT test on 30 September 1998.

Table 3-17. UW FOT Development Cost Estimate.
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Hours Labor (Loaded) Other Direct Costs Total
(Total) Public | Private Total Public | Private Total Public | Private Total
32,136 | $857K $OK $857K | $220K $OK $220K | $1,077K $OK $1,077K

In order to create this estimate, the UW proposal Budget Estimate was converted from
fiscal yearsto calendar years, and actual equipment dollars ($44.2K) available from UW
invoi ces were substituted for the estimated equipment costs ($100K), with the difference
($55.8K) applied to labor in 1997 since the SWIFT test was extended through September.
The complete detailed spreadsheet breakout is presented in Appendix A.

Commercial Development Phase Cost Estimate

The UW SWIFT commercial development cost estimate is an estimate of the additional
costs that would be necessary to compl ete devel opment and testing of UW’ s portion of
the SWIFT system prior to the full deployment of acommercial SWIFT system. Thetime
period assumed for the commercial development phase cost estimate is 1 October 1997
through 31 December 1998.

UW activities during commercial development consist of both non-recurring devel opment
activities and recurring operations activities. The non-recurring development activities
consist of the following:

Development of an ITSIEEE standards proposal for a self-defining data
standard

Implementation of the ITSIEEE sdf-defining data standard reference

3 D.J. Dailey, “Research Task Order #37: SWIFT - Seattle Wide Area Information for Travelers”,
submitted to WSDOT, October 1, 1994
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Interaction with |EEE/SAE standards bodies to both contribute to standards,
and to guarantee that the SWIFT project isaligned with ITS national standards

Systems Integration support to provide software and interface definitions that
will allow SWIFT consortium members to receive and use datafrom the ITS

backbone; this includes any consulting required to support consortium use of

I'TS backbone data

Purchase, Installation and configuration of fiber optic communications
hardware and backup hardware

Cost estimates for both labor and ODC'’ s associated with these non-recurring devel opment
activities are presented below in Tables 3-18 and 3-19. These estimates are based on a
detailed analysis and breakout, in consultation with UW and WSDOT, of e ements of two
recent proposals submitted to submitted to WSDOT from UW related to the compl etion
of development of the UW SWIFT system — the STS Backbone Infrastructure
Expansion™ proposal and the STS Backbone Infrastructure® proposal.

Table 3-18. Cost Estimate of UW Non-Recurring Labor.

Labor Category Hours Rate ($/hr) Labor Cost Overhead/G&A | Labor (Loaded )
Principal Investigator 537.6 46 $24,461 $19,079 $43,586
Programmer 2419.2 30 $72,271 $56,372 $128,673
Grad Student 4838.4 11 $53,496 $41,727 $95,234
Total 7795.2 $267,492

Table 3-19. Cost Estimate of UW Non-Recurring ODCs.

Category Cost

Equipment $37,000
Fiber Optic/T1 Line Service $25,500
TRAC $6,803
Travel $7,140
Supplies & Materials $4,121
Total $80,565

Most of these non-recurring labor and ODC costs shown above were estimated based on
the“ Infrastructure Expansion” proposal, with the addition of the fiber optic installation
equipment and line service ODC costs taken from the “ Infrastructure” proposal. Based
on interviews with UW, the labor hours were estimated based on the assumption that 84%
of the activities (i.e., hours assigned to each task) defined in the Infrastructure Expansion

4 Danid J. Dailey & Mark P. Haselkorn, “STS Backbone Infrastructure Expansion”, a proposal submitted
to WSDOT, UW ITS Research Program, November 1996.

> Danid J. Dailey & Mark P. Haselkorn, “STS Backbone Infrastructure”, a proposal submitted to
WSDOT, UW ITS Research Program, November 1996.
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proposal were SWIFT related, with the other activities being related to other ITS
elements. The UW “Overhead/G&A” rate was derived from the cost section of the
proposals. Note that while there were differences between period of performance of the
Infrastructure Expansion proposal and the commercial development phase (18 months vs.
15 months), it was assumed here that the non-recurring labor hours and ODCs would
remain the same.

As mentioned above, UW activities during commercia development also consist of
recurring operations activities. The non-recurring devel opment activities consist of the
following activities which allow the continued operations of the SWIFT system during the
commercia development phase:

Hardware and software maintenance for the existing backbone infrastructure

Continued maintenance of external communications linksin conjunction with
WSDOT, including new and replacement hardware as required

Lease of fiber optic interconnect between UW and WSDOT

Provide documentation, example source code and consulting to allow 1SPs
access to any of the data flows available on the I TS backbone; respond to ISP
requests for additional services

A cost estimate for the monthly labor associated with these recurring operations activities
is presented below in Table 3-20. This estimate is based on the labor hours presented in
the Infrastructure proposal.

Table 3-20. Estimate of UW M onthly Recurring Operations Costs.

Labor Category Hours Rate ($/hr) Labor Cost Overhead/G&A | Labor (Loaded )
Principal Investigator 27 46 $1,214 $947 $2,207
Research Manager 27 19 $519 $405 $943
Programmer 107 30 $3,189 $2,488 $5,706
Grad Student 53 29 $1,527 $1,191 $2,746
Total 214 $11,602

In the above, the monthly hours were cal culated based on dividing the total hours by
category contained in the Infrastructure proposal by the proposal period of performance
of eighteen months. As mentioned previoudy, the UW “Overhead/G&A” rate was
derived from the cost section of both proposals.

Combining the non-recurring labor and ODC cost estimates with the monthly recurring
operations cost estimate, (multiplied by 15 months for the commercial development period
of performance) yields the cost estimate for the UW SWIFT FOT development phase,
which is presented in Table 3-21.

Table 3-21. UW SWIFT Commercial Development Cost Estimate.

Hours (Total)

Labor (Loaded)

Other Direct Costs

Total Cost

10,998

$442K

$81K

$522K
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Annual Commercial Operations Cost Estimate

The UW SWIFT annual commercial operations cost estimate is an estimate of the cost of
operations of acommercially deployed SWIFT system per year following the full
deployment of acommercial SWIFT system on 1 January 1999.

In interviews conducted with UW, it was suggested by UW that the labor costs of
operations during the operations phase would be more efficient than the labor costs of
operations during the commercia development phase by a factor of about a 25%
reduction. Thus, applying a 25% reduction to these costs yields the following estimate of
UW operations costs shown in Table 3-22.

Table 3-22. Estimate of UW Monthly Operations Costs.

Labor Category Hours Rate ($/hr) Labor Cost Overhead/G&A | Labor (Loaded )
Principal Investigator 20 46 $911 $710 $1,667
Research Manager 20 19 $389 $304 $712
Programmer 80 30 $2,392 $1,866 $4,287
Grad Student 40 29 $1,145 $893 $2,067
Total 160 $8,733

An analysis of the Infrastructure proposal provided the e ements with which to estimate
annual ODC cogts as shown herein Table 3-23. Note that the Equipment Maintenance
cost ($900/month) was cal culated as a 10% factor applied to the purchased equipment
cost ($9,000/month) contained in the Infrastructure proposal.

Table 3-23. Estimate of UW SWIFT Annual ODC's.

Category Monthly Cost |Annual Cost

Fiber Optic/T1 Line Service $1,417 $17,000
Equipment Maintenance $900 $10,800
Supplies & Materials $165 $1,980
Total $2,482 $29,780

Combining the annual |abor and ODC cost estimates yieds the UW SWIFT annual

operations cost estimate, which is presented below in Table 3-24.
Table 3-24. UW SWIFT Annual Operations Cost Estimate.

Hours (Total) Labor (Loaded)

Other Direct Costs

Total Cost

1,922 $105K

$30K

$135K

Life Cycle Cost Estimate

Based on the above, the UW SWIFT LCCE, presented in Table 3-25, provides an estimate
of the total costs that would be required to devel op, test, deploy and operate the UW
portion of acommercial SWIFT system. For analysis purposes, the LCCE assumes a five-

year period of operations.
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Table 3-25. UW SWIFT Life Cycle Cost Estimate.
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Cost Estimate Time Period Hours (Total) | Labor (Loaded) ODC's Total Cost
FOT Development Jan 95 thru Sep 97 32,136 $857K $220K $1,077K
Commercial Development Oct 97 thru Dec 98 10,998 $442K $81K $522K
Annual Commerical Operations| Annual from 1/1/99 1,922 $105K $30K $135K
Life Cycle Cost (5 yrs. Ops.) Jan 95 thru Dec 03 52,741 $1,822K $450K $2,272K

3.1.6. King County Metro Transit Cost Estimate

System Description

Metro Transt implemented an Automatic Vehicle Location and Computer-Aided Dispatch
(AVL/CAD) system in 1993 in order to improve fleet management and operator security.
The vehicle location and schedul e adherence for the 1,150 busesis based on aless
sophisticated signpost technology as opposed to the use of the Global Positioning System
(GPS), since GPS was not widely available when the contract for the project was rel eased
in 1989.

The AVL system is composed of a central computer, 255 signpost transmittersthat are
located throughout the 5000 square kilometer service area, an odometer sensor on each
bus, a Mobile Electronic Tracking System (METS) located on each bus, and a two-way
radio system on each bus. The system’s main computers are loaded with the current bus
schedules and routings, including the identity of each signpost transmitter on the route,
and the distance between signposts. The bus driver identifies his or her assgnment number
when leaving the base. When the bus passes each battery-powered signpost, a small
receiver on the bus captures the signpost signal and storesit in the memory of an on-board
processor. Thisinformation, together with the current odometer reading, is sent back to
the central computer each time the busis polled via the data radio system. Polling occurs
nominally every 1 to 2 minutes during the peak when up to 900 buses arein service, and
more frequently during off-peak periods. Once the polling data is received by the central
computer, it calculates whether the busis on schedule based on time stamps for each
scheduled time point along the route and it estimates the bus location on the network
based on the location of the last signpost encountered and the odometer reading since the
last signpost.

SWIFT Deployment Cost Study 54



For SWIFT, Metro Transit worked with UW to devel op software and interfaces which
would allow transmission of real time AVL data on the Seitko HSDS, thus allowing transit
riders with access to personal computers the ability to determine real-time bus locations at
home or at work. The elements of Metro Transit’'s SWIFT system and inter-connectivity
to the overall SWIFT data flow are shown below in Figure 3-9.

Distribute BAP Packets
via Seiko FM
Subcarrier Network
(at Seiko)

Create BAP Packets
(at UW)

Locate Buses continuous flow of AVL data packets ———|
(Metro Transit AVL

System)

[— BAP packets

AVL pattern files (3 times/year) ————¥]

bus location
BAP packets via
FM subcarrier

trip file only
(viaFTPsite)™—
Metro Transit Create SWIFT Files all files
Distribution HASTUS (at Metro Transit
& GIS data

-

3 times/year)
SWIFT PC Device

Database

bus schedule
software update
via diskettes

Create Update to
PDA Application
(at Etak)

Run IBM-develped .
utilit podt files
Y to FTP site

(at Metro Transit)

Figure3-9. Metro Transit SWIFT Functions.

In the above, the primary activities of Metro Transit which are SWIFT-specific (as shown
in the shaded box) include theinitial software development activity (with Etak and IBM)
to create eight SWIFT data file types (2 files for bus locations and 6 files for revisonsto
laptop software), as well the corresponding continual update (3 times/year) of these eight
SWIFT data fileswhen Metro Transit’s bus schedules are revised during a “service

change.”
FOT Development Phase Cost Estimate

The Metro Transit SWIFT FOT development cost estimate includes all actual costs
accrued during the SWIFT Test from 1 January 1995 through 30 September 1997. These
costsinclude all SWIFT design, development, testing and eval uation activities performed

by Metro Transit as shown here:
Finalized Metro Transt SWIFT system requirements

Developed Metro Transit portions of the SWIFT architecture

Completed an initial software development activity (with Etak and IBM) to
create 8 SWIFT datafiletypes (2 files for bus locations and 6 files for revisions

to laptop software)

P Estimated labor includes 100 hours for a Project Manager and 100
hours for a Systems Analyst
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Supported Alpha & Beta testing of SWIFT bus AVL inputsto PC devices
through the Seiko HSDS

Supported system integration (with Etak and Setko) of MT portions of the
SWIFT bus AVL input

Provided one update of the 8 MT SWIFT data filesin June 1997

P Estimated labor includes 100 hours for a Project Manager, 120 hours
for a Computer Scientist, 30 hours for a Systems Analyst, and 250
hours for a Junior Engineer

Supported Final Evaluation testing of SWIFT Bus AVL Inputsto PC devices
through the Seiko HSDS

Provided management functions, coordination and meetings with the SWIFT
team, supported the evaluation team, and provided other support to the
SWIFT project as required

Theresult of the Metro Transit SWIFT FOT development cost estimate is presented in
Table 3-26. The costs and hours shown are all “actuals’, and have been collected from
the corresponding Quarterly SWIFT Invoice Summaries and the SWIFT Monthly
Progress Reports. In the case of Metro, all funding was from public sources. The
complete detail ed spreadsheet breakout is presented in Appendix A.

Table 3-26. Metro Transit FOT Development Cost Estimate.
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1,751 $73K $OK $73K $2K $OK $2K $75K $OK $75K

Commercial Development Phase Cost Estimate

The Metro

Transt SWIFT commercial development cost estimate is an estimate of the

additional costs that would necessary to compl ete devel opment and testing of Metro

SWIFT Deployment Cost Study

56



Trangt’s portion of the SWIFT system prior to the full deployment of a commercial
SWIFT system. Thetime period assumed for the commercial development phase cost
estimate is 1 October 1997 through 31 December 1998.

In interviews conducted with Metro Transt, it was determined that the only costs incurred
during the commercial devel opment phase would be the costs of the Metro Transit service
changes, in which they update their 8 SWIFT database files three times per year. The cost
of asingle service changeis estimated below in Table 3-27, based on hour data and labor
descriptions provided by Metro Transit. The labor rates used were based on the
generalized groundrules provided in Section 2. Following this, based on the actual hours
and labor dollars accrued during the FOT devel opment phase, an overhead rate of 56%
was calculated so asto calibrate the labor costs to be consistent with the actual |oaded
labor costsin the FOT devel opment cost estimate above.

Table 3-27. Cost Estimate of a Single Metro Transit SWIFT Service Change.

Labor Category Hours Rate ($/hr) Labor Cost Overhead/G&A | Labor (Loaded )
Manager 115 42 $4,830 $2,705 $7,577
Systems Analyst 30 35 $1,050 $588 $1,673
Computer Scientist 120 28 $3,360 $1,882 $5,270
Junior Engineer 250 18 $4,500 $2,520 $7,038
Total 515 $21,557

During the commercial development timeframe, four service changes would be required:
October 1997, February 1998, June 1998, and October 1998. The costs of these four
service changes make up the cost estimate for of the Metro Transit SWIFT FOT
development phase, which is presented in Table 3-28.

Table 3-28. Metro Transit SWIFT Late Deployment Cost Estimate.

Hours (Total)

Labor (Loaded)

Other Direct Costs

Total Cost

2,060

$86K

$OK

$86K

Annual Commercial Operations Cost Estimate

The Metro Transt SWIFT annual commercia operations cost estimate is an estimate of
the cost of operations of a commercially deployed SWIFT system per year following the
full deployment of a commercial SWIFT system on January 1, 1999.

In interviews conducted with Metro Traffic, it was determined that the only annual
operations costs that would be incurred by Metro Transit would be the costs of the Metro
Trangt service changes, in which they update their eight SWIFT database files three times
per year. The cost of a service change was previoudy estimated above. Thus, the costs of
three service changes make up the Metro Transit SWIFT annual operations cost estimate,
which is presented in Table 3-29.
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Table 3-29. Metro Transit SWIFT Annual Operations Cost Estimate.

Hours (Total)

Labor (Loaded)

Other Direct Costs

Total Cost

1,545

$65K

$OK

$65K

Life Cycle Cost Estimate

Based on the above, the Metro Transit SWIFT LCCE, presented in Table 3-30, provides
an estimate of the total costs that would be required to develop, test, deploy and operate
the Metro Transit portion of acommercial SWIFT system. For analysis purposes, the
LCCE assumes a five year period of operations.

Table 3-30. Metro Transit SWIFT Life Cycle Cost Estimate.
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FOT Development Jan 95 thru Sep 97 1,751 $73K $2K $75K
Commercial Development Oct 97 thru Dec 98 2,060 $86K $OK $86K
Annual Commerical Operations| Annual from 1/1/99 1,545 $65K $OK $65K
Life Cycle Cost (5 yrs. Ops.) Jan 95 thru Dec 03 11,536 $483K $2K $485K

3.1.7. IBM Cost Estimate

System Description

IBM’ s activities during the SWIFT tested consisted of being a equipment supplier of
laptop PC’'sand PDA'’s, developing SWIFT software for these laptops and PDA’s, and
providing system performance modeling and simulation consulting support for the overall
SWIFT architecture.

The SWIFT test utlized IBM supplied Dauphin PDA’s, IBM Thinkpad laptop computers,
and Taoshiba Satellite laptop computers as user interface devices. All the applications ran
under Windows 3.1 in the case of the Dauphins and Thinkpads and under Windows 95 in
the case of the Toshiba Satellite laptops. The Thinkpads had a built-in, "butterfly"
keyboard and an active matrix, SVGA color display. The Dauphins use a pen for
command entry and have a backlit, VGS black and white display. The Toshiba laptops
were Pentium 100s with 16 Megabytes of RAM. One hundred portable computers, with a
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mix of the three PC’s, were used in the FOT in order to test the SWIFT system for
different PC hardware and software environments.

A separate HSDS recelver unit, provided by SCS, was attached to each PC in order to
receive the traveler information and to send the information to the portable computer's
seria port. Thedatais sent in the HSDSITIS format.

IBM, working closdaly with Etak and Metro Transit, devel oped the information processing
portion of the pc/pda SWIFT traveler information software, including data storage
organization, display and processing of freeway |oop and bus data, trip planning, ride
sharing database, route guidance information, and traffic flow analyss. Traveler
information for the computer includes traffic incident, congestion and bus-location
information. The portable computers also support personal paging, other existing Setko
information services (e.g., weather, financial reports and sports scores) and ASCI| text
messages to support more detailed presentations of Setko information services and any
other message not specified by ITIS.

In addition, IBM contributed to the overall SWIFT design by providing communications
modeling and smulations, including modedling pda/pc and Delco car navigation radio
performance, determination of optimum protocol usage for transmission of loop and bus
data, and end-to-end system mode analysis.

FOT Development Phase Cost Estimate

The IBM SWIFT FOT development cost estimate includes all actual costs accrued during
the SWIFT Test from 1 January 1995 through 30 September 1997. These costsinclude
all SWIFT design, development, testing and eval uation activities performed by IBM as
shown here:

Provided PDA’s and laptop comuptersin support of the SWIFT Test
P 100 Dauphin PDA’s at atotal cost of about $26,000
P 24 1BM Think Pad laptop computers at atotal cost of about $48,000™°

Supported overall SWIFT architecture development by providing
communications modding and smulations, including modeing PC and Delco
in-vehicle navigation device performance, determination of optimum protocol
usage for transmission of loop and bus data, and end-to-end system modeling
analyss

Worked with Etak, Metro Transit and UW to devel op information processing
portions of SWIFT software tools; devel oped software components of data
storage organization, display and processing of freeway and loop data, trip
planning, ride sharing database, route guidance information, and traffic flow
anayss.
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Supported Alpha, Beta and Final Evaluation testing of the SWIFT system

Provided management functions, coordination and meetings with the SWIFT
team, supported the evaluation team, and provided other support to the
SWIFT project as required

The result of the IBM SWIFT FOT development cost estimate is presented in Table 3-31.
The costs and hours shown are all “actuals’, and have been collected from the
corresponding Quarterly SWIFT Invoice Summaries and the SWIFT Monthly Progress
Reports. The complete detailed spreadsheet breakout is presented in Appendix A.

Table 3-31. IBM FOT Development Cost Estimate.
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5,123 $261K $81K $342K $164K $30K $194K $425K $111K $536K

Commercial Development Phase Cost Estimate

It is assumed here that IBM will not be involved in additional development of the SWIFT
System.

Annual Commercial Operations Cost Estimate

It is assumed here that IBM will not be involved in the operations of a fully deployed
SWIFT system.

Life Cycle Cost Estimate

Based on the above, the IBM SWIFT LCCE, presented in Table 3-32, provides an
estimate of the total costs that would be required to devel op, test, deploy and operate the
IBM portion of acommercial SWIFT system. As noted above, IBM’sinvolvement is

16 Note that 40 Toshiba laptop computers at a total cost of about $60,000 were also provided for the
SWIFT FOT under the SAIC cont
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assumed to be limited to the FOT development (SWIFT test) portion of the SWIFT life

cycle.
Table 3-32. IBM SWIFT Life Cycle Cost Estimate.
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Cost Estimate Time Period Hours (Total) | Labor (Loaded) ODC's Total Cost
FOT Development Jan 95 thru Sep 97 1,751 $73K $2K $75K
Commercial Development Oct 97 thru Dec 98 2,060 $86K $OK $86K
Annual Commerical Operations| Annual from 1/1/99 1,545 $65K $OK $65K
Life Cycle Cost (5 yrs. Ops.) Jan 95 thru Dec 03 11,536 $483K $2K $485K

3.1.8. Delco Cost Estimate

System Description

For the SWIFT test, Delco Electronics developed a prototype “proof of concept” device
that incorporated an in-vehicle navigation unit with the SWIFT HSDS-based real-time
traffic information system. The Delco device test unit came with a radio/compact disc
player and replaced an existing car radio in one of four vehicle types: Buick Regal,
Oldsmobile Cutlass Supreme, Saturn, aswell asin 25 Metro Transit Vanpool GMC Rally
Vans. 90 Delco in-vehicle navigation units and radio/compact disc players were used in

the SWIFT FOT.

The device utilized a GPS receiver to provide a very accurate estimate of the current
location of the vehicle. An LCD display indicated the direction (relative to the vehicle)
and distance to the sdected destination. In addition, common travel destinations such as
local landmarks, hotdls, restaurants, businesses and street corners could be selected from a
"yellow pages’ directory database.

The traveler information component of the device utilized the SWIFT real-time traffic

incident information that is transmitted over the Setko HSDS system using an

International Traveler Information System (IT1S) format. The HSDS receiver was built
into the Delco in-vehicle navigation unit. The navigation unit filtered out any messages
beyond a user-prescribed radius which incorporated and HSDS receiver. The navigation
unit also decoded the ITIS messages into text, which were converted to voice and
announced to the driver. Although messages were retransmitted in regular intervals (20
seconds for speed data and 30 seconds for incident data), only new or modified messages
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were announced. The Delco in-vehicle navigation device also supported personal paging
and other existing Seiko information services (weather, financial and sports information).

FOT Development Phase Cost Estimate

The Delco SWIFT FOT development cost estimate includes all actual costs accrued
during the SWIFT Test from 1 January 1995 through 30 September 1997. These costs
include all SWIFT design, devel opment, testing and eval uation activities performed by
Delco as shown here:

Finalized Delco device SWIFT system requirements; worked closely with SCS
and other SWIFT participants to define transmission inputs to the Delco device

Devel oped, tested, produced and delivered 100 Delco devicesto WSDOT for
usein the SWIFT test

Supported Alpha, Beta and Final Evaluation testing of the Delco device and its
performance within the SWIFT system

Provided management functions, coordination and meetings with the SWIFT
team, supported the evaluation team, and provided other support to the
SWIFT project as required

The result of the Delco SWIFT FOT development cost estimate is presented in Table 3-
33. The costs and hours shown are all “actuals,” and have been collected from the
corresponding Quarterly SWIFT Invoice Summaries and the SWIFT Monthly Progress
Reports."” The complete detailed spreadsheet breakout is presented in Appendix A.

Table 3-33. Delco FOT Development Cost Estimate
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o

7 Note that the Delco invoices stopped reporting expenditures once they hit the contract dollar value
celling. Asaresult, any subsequent Delco SWIFT costs rare not captured here.

SWIFT Deployment Cost Study 62



Hours Labor (Loaded) Other Direct Costs Total
(Total) Public Private Total Public Private Total Public Private Total

14,101 $388K $362K $750K $197K $147K $344K $585K $508K | $1,093K

Commercial Development Phase Cost Estimate

It is assumed here that Delco will not be involved in additional development of the SWIFT
System.

Annual Commercial Operations Cost Estimate

It is assumed here that Delco will not be involved in the operations of a fully deployed
SWIFT system.

Life Cycle Cost Estimate

Based on the above, the Delco SWIFT LCCE, presented in Table 3-34, provides an
estimate of the total costs that would be required to devel op, test, deploy and operate the
Delco portion of acommercial SWIFT system. As noted above, Delco’sinvolvement is
assumed to be limited to the FOT development (SWIFT test) portion of the SWIFT life

cycle.

Table 3-34. Delco SWIFT Life Cycle Cost Estimate
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1995 1996 1997 1998 1999 2000 2001 2002 2003

Cost Estimate Time Period Hours (Total) | Labor (Loaded) ODC's Total Cost
FOT Development Jan 95 thru Sep 97 14,101 $750K $344K $1,093K
Commercial Development Oct 97 thru Dec 98 0 $OK $OK $OK
Annual Commerical Operations| Annual from 1/1/99 0 $OK $OK $OK
Life Cycle Cost (5 yrs. Ops.) Jan 95 thru Dec 03 14,101 $750K $344K $1,093K

3.2. Commercial Viability Analysis Results

The results of the deployed SWIFT commercial viability analysis (CVA) are presented
below in Figure 3-10. This estimate has been developed based on the methodol ogy
outlined in Section 2, and utilizing inputs from the LCCE results provided in Section 3.1.

The purpose of the CVA isto estimate and then to quantitatively compare annual SWIFT
revenues for varying market scenarios with the deployed SWIFT annual operations phase
costs estimated in the SWIFT LCCE. For each market scenario evaluated, the estimated
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annual revenues must support the annual operations cost estimate in order to ensure
commercial viability of deployed SWIFT operations.

16

14

12

10

$1998 Million

0 I

Operations Cost Revenues (Low) Revenues (Med) Revenues (High)

Figure 3-10. SWIFT Commercial Viability Analysis Results.

As can be seen in the above graph, the annual deployed SWIFT revenues estimated in this
analysis, provided for three different market penetration levels, comfortably exceed the
deployed SWIFT annual operations cost estimated in Section 3.1. Thus, even for the
“Low” market penetration case of 4%, revenues still exceed operations costs by a factor
of morethan 3to 1. This providesthe result that in terms of operations, and noting the
assumptions and calculation made in this report, that a fully deployed SWIFT system as
defined in this study would have a high likelihood of being commercially viable.

In the following sections, the results of the detailed cal culations and derived inputs that
went into developing this commercial viability analysis are provided, namely:

1) Estimation of SWIFT consumer market potential

2) Estimation of SWIFT consumer market penetration
3) Estimation of SWIFT consumer subscription fees
4) Estimation of annual SWIFT revenues

5) Comparison of annual SWIFT revenues with LCCE Annual Operations Costs
(provided abovein Section 3.1)

3.2.1. Estimation of SWIFT Consumer Market Potential

In Section 2.3.3, the following equation was presented as the means to estimate SWIFT
market potential. Asdetailed previously, market potential is defined here to the consist of
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the total number of consumers who would comprise the potential market for SWIFT
services.

Paov 9
259

where: Mpgentia = SWIFT Market Potential (in total number of commuter drivers)

N

Vehcile Commuters

M potenia = Fomite gpsov +

Fsmile = Factor for Percent of Commuters who drive more than 5 miles one-way to work
Psov = Percentage of daily commutersin SOVs
Prov = Percentage of daily commutersin HOV's
Nvehide commuters = T0tal Number of daily commuters (all travel methods)

The values for each of these equation € ements were determined by analysis of statistical
data provided by the the Puget Sound Regional Council (PSRC) organization. PRSCis
the Metropolitan Planning Organization (MPO) for King, Kitsap, Pierce and Snchomish
counties, and as one of its functionsit performs analyses and maintains an extensive
statistical database of demographic, economic, travel and geographic data of its member
jurisdictions. These values and their sourcse are provided here:

F5 mile = 76.2 %; provided by PSRC via a data request — based on 1990 U.S. Census
data’®

Psov = 75.5%; PSRC “Puget Sound Trends’ report — based on 1990 U.S. Census data®
Paov = 12.5%; PSRC “Puget Sound Trends’ report — based on 1990 U.S. Census data®

Nvehide commuters = 1,651,927 people; PSRC “Puget Sound Trends’ report — based on 1996 data
from the Washington St. Employment Security Department, extra-polated to

1998 based on the 2.4% employment growth rate provided®

Plugging in these values into the above equation provides for a SWIFT consumer market
potential value of 1,013,309 people.

3.2.2. Estimation of SWIFT Market Penetration

Asdetailed in Section 2.4.4, the second step in developing the commercial viability
analysis was to devel op credible estimates/forecasts for what levels (low, medium, high) of

18 Extracted for SWIFT use from 1990 Censu data by Larry Blain of PSRC, February 1998.

1941980 and 1990 County-Level Journey to Work”, “Puget Sound Trends,” Number T1, PSRC, October
1993, p. 2.

2 pid.

2« Growth in Traffic and Vehicle Miles Traveled”, “Puget Sound Trends,” Number T2, PSRC, August
1997, p. 4.
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market penetration might be expected by the deployed SWIFT system. The estimation of
SWIFT market penetration centers on an evaluation of willingness to pay survey results.

In 1997, during the SWIFT FOT, the SMFT Consumer Acceptance Sudy Task Leader
developed and implemented a series of consumer surveys for the SWIFT FOT user
population. These surveys included the “willingness to pay’ questions devel oped for the
SWMFT Cost Deployment Sudy (see Section 2.3.4). Theresults of these surveys provide a
key measure which can aid in the devel opment of market penetration levels.

Market penetration rates are calculated based on the results of the third SWIFT FOT user
survey provided below in Figure 3-11. Here, respondents of users of all three SWIFT
devices were asked to evaluate their willingness to subscribe to SWIFT services.

Would definitely not
subscribe

Would probably not
subscribe -
. OPC Device
Not sure. E— ® Delco Device

O Seiko Watch

Would probably
subscribe

Would definitely
subscribe

0% 20% 40% 60% 80% 100%

Percent Respondents

Figure 3-11. Willingnessto Subscribeif Current Services Retained.

Based on the results for the above question, three percentage level s of market penetration
were devel oped for low, medium and high market level penetration, respectively. The
“low” level was estimated as the average percentage of responses for the three SWIFT
devices to the “would definitely describe’ questions — this was estimated to be about 4%.
The“high” level was estimated as the average percentage of responses for the three
SWIFT devices combining the “would definitely describe’” and the “would probably
subscribe” response percentages — this was estimated to be about 20%. Finally, the
“medium” was selected as the midpoint percentage between the low an high values — this
is 12%;52]2n summary, the following market penetration levels were thus determined for this
anayss™:

LOW = 4%

2 Of note, in discussions with SCS, the SCS SWIFT Project Manager stated that he believed that market
penetration levels for a deployed SWIFT of up to 30% would be a reasonable expectation for the next 5-10
years.
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MEDIUM = 12%
HIGH = 20%

In addition, as a“check” to make sure that consumers willing to subscribe to SWIFT
services would also being willing to purchase the equipment up-front, as part of the
second survey, device users were asked to indicate whether they would be willing to
consder purchasing SWIFT devicesor services. Figure 3-12 summarizes the results.
Here, it can be seen that, across the devices, about 38% to of the SWIFT FOT users
indicated a willingness to consider purchase of a future version of a SWIFT device, well
above tzge levels of market penetration estimate from the SWIFT subscription question
above.

Seiko Watch |

Delco In-vehicle device |
-in new auto

Delco In-vehicle |
device- for existing

PC software

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100
%

Percent Respondents

Figure 3-12. Percent of Respondents Willing to Consider Purchasing SWIFT
Device.

3.2.3. Estimation of SWIFT Subscription Fees

Asdetailed in Section 2.4.4, the estimation of the SWIFT subscription fees was conducted
by use of a survey tool during the SWIFT FOT. In particular, during the 1997 SWIFT
FOT, the SWIFT Consumer Acceptance Sudy Task Leader developed and implemented a
series of consumer surveys for the SWIFT FOT user population. These surveysincluded
the “willingnessto pay’ questions developed for the SWIFT Cost Deployment Study (see
Section 2.4).

% Note also that approximately 88% of respondents cited cost of service as a factor that would influence
their decision to continue use of the SWIFT service. About two-thirds of respondents cited improved
device features and messages as factors influencing continued use. Finally, about half indicated that
easier to understand messages would influence their decision to continue use and approximately 44% cited
adesire to have more routes covered.
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As part of the second survey, device users were asked to indicate how much per month
they would be willing to pay to receive the SWIFT trave information. Figure 3-13
summarizesthe results. Approximately 20% of respondents were not willing to pay any
amount to receive the services. Over 50% of users of all devices werewilling to pay in
the range of $5 to $10 per month. Selko MessageWatch respondents reported a
willingness-to-pay approximately $ 6.00 per month while users of the Delco Device and
PC device reported a willingness to pay around $ 8.00 per month. Combined, all device
users reported a willingness-to-pay of approximatey $ 6.50 per month. This average
value of $6.50 per month, annualized to $78 per year, serves as the estimate for SWIFT
subscription fees.

$20 or more per
month

$15 per month

E OPC Device
$10 per month 5_, B Delco Device

1 O Seiko Watch
55 per month [
$0 per month E

0% 20% 40% 60% 80% 100%

Percent Respondents

Figure 3-13. Amount Willing to Pay Per Month for SWIFT Travel Information.
3.2.4. Estimation of Annual SWIFT Revenues

Asdetailed in Section 2, the estimation of annual SWIFT revenues was cal cul ated based
on the results of thefirst three steps of the commercial viability analysis methodology as
shown in the equation:

I:\)Annual = SAverage I:)Market M Potential

where: Rana = SWIFT annual revenues from consumer subscription fees
Sieae = Average annual SWIFT subscription fee for a consumer: $78

Puake = Percentage of Market Penetration: 4% or 12% or 20%

M poenia = SWIFT Market Potential: 1,013,309 people
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From the above equation, the deployed SWIFT annual revenue projections for al three
market penetration scenarios are as follows:

For the LOW case of 4% market penetration, annual revenues are estimated
here to be $3.2 Million.

For the MEDIUM case of 12% market penetration, annual revenues are
estimated here to be $9.5 Million

For the HIGH case of 20% market penetration, annual revenues are estimated
here to be $15.8 Million

The above results are presented graphically in Figure 3-10 (see Section 3.2).
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4. DISCUSSION

SWIFT Deployment Cost Study findings are discussed in this section with respect to their
overall implicationsfor ATIS projects elsewhere. Thisdiscussion is organized as follows:

Analysis of Life Cycle Cost Estimate (LCCE)Results
Anaysisof Commercia Viability Analyss (CVA) Results
Application of LCCE and CVA Resultsto Other Metropolitan Areas
Lessons Learned
Other Discussion
4.1. Analysis of LCCE Results
The life cycle costs of the deployed SWIFT system were estimated to be:
FOT Development: $6.4 Million
Commercial Development: $1.5 Million
Annual Commercia Operations. $0.8 Million

Thelife cycle costs plotted across the years (1995-2003) followed the expected traditional
life cycle curve of high initial development costs tapering down to lower annual operations
costs as the years progressed — this was true for both labor and ODC’s

Asthelife cycle progressed from the FOT Development phase to Commercial Deployment
and then to Commercial Operations, the SWIFT team member’srole and their sharein the
effort changed significantly:

Early in the life cycle during the FOT Development phase the largest share of
costs (34%) were assigned to SCS for hardware and software devel opment
tasks

Latein thelife cycle during the Commercial Development phase that largest
share of costs (46%) were assigned to Metro Networks for SWIFT TWS
operations

In terms of total hours spent during FOT Development, UW spent in excess of 30,000
hours, more than 60% above the nearest Team Member’s (SCS) total. In terms of labor
costs spent during FOT Development, SCS spent in excess of $1.6 million, more than
75% above the nearest Team Member’s (UW) total. Analysis suggests that this disparity
highlights the radically different labor practices of UW and SCS, with UW utilizing a labor
pool largdy consisting of student and grad student support and SCS utilizing a labor pool
conssting largely of senior engineering and management professionals.

The Commercial Development phase estimate showed that the likely additional
development costs that will be required to complete an operational SWIFT system will be
centered mostly in three areas:
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1) Full-time SWIFT operations at Metro Networks
2) Etak SWIFT software upgrades/improvements

3) UW SWIFT backbone infrastructure software/hardware upgrades and
operations

Thelargest single ODC cost for the life cycle occurred when Etak provided a licensed
version of it's Seattle Metro area digital map to SWIFT at a cost of $231,000.

4.2. Analysis of Commercial Viability Analysis (CVA) Results

The CVA found that a deployed SWIFT can be expected be a viable commercial
enterprise. Even under the most conservative market penetration scenario, the CVA
analysis still showed that annual revenues exceeded annual operations costs by a factor of
more than 3to 1. This providesthe result that in terms of operations, and noting the
assumptions and calculations made in this report, that a fully deployed SWIFT system as
defined in this study would have a high likelihood of being commercially viable.

Based on theresults of the CVA, it would seem that if the deployed SWIFT were
addressed as an investment opportunity, that it would have been seen as areasonable
investment. Moreover, based on the most conservative market penetration scenario
(annual revenues of $3.1M), and assuming a bank corporate |oan rate of 6%, if the entire
SWIFT development cost of $7.9 had been financed by aloan from an investment bank,
then the “payback period” on theloan (i.e., the “break-even” point on the investment)
would be about 4¥2 years. Thislieswithin thetypical “5 year return on investment” that
many large companies use to analyze potential investment projects. Note that after the 42
year point, the deployed SWIFT Team members under this scenario would divide
approximately $2.3M annually in profits!

In discussing the market penetration levels devel oped in the study (4%, 12% and 20% of
vehicle commuters who drive more than 5 miles to work), it isimportant to note that these
levels fit within the bounds of market penetration levels developed in other ITS studies.
For example, the ITSNational Investment & Market Analysis™ report estimated a market
penetration rate (for total driversin an urban scenario) for “Personal Route Guidance’
systems of five percent by 2005.

Moreover, previous studies from other U.S. regions also lend support to the market
penetration levels and subscription fees estimated in this report viathe SWIFT FOT user
surveys. For example, surveys recently completed for the 1-95 Corridor Coalition already
provide some evidence as to the extent of the commercial potential of ITS traveler
information. According to these surveys, anywhere from 44% to 60% of local auto
travelers would be willing to pay “something” for pre-trip travel information, and of those,
about one-quarter would be willing to pay anywhere from $3 to $5 per information

2 |ntelligent Transportation Systems National Investment and Market Analysis: Task C — Identification of
Investment Requirements, Apogee Research, Inc., May 1997, p. 46.
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“session.”® Additionally, an FHWA study conducted by Ng, Barfied, and Mannering
(1995) at the University of Washington, and supported by the Battelle Seattle Research
Center found that in nationwide mailback questionnaire, 87.7 percent of respondentsin the
private vehicle drivers category would use an advanced traveler information system.?

Oneissue that was raised in developing the market penetration levels from the SWIFT
user survey results dealt with the concern of how SWIFT users related to the public at
large. Specifically, concerns were raised that the SWIFT population was likely to be more
“technologically inclined” than the general population. Mitigating these concerns are data
from other surveys which show that an ever-increasing high percentage of the adult
population in the U.S. is becoming familiarized with advanced high tech products and
computers. For example, an 1-95 Coalition report (1996) provided that 72 percent of the
adult population in the 1-95 corridor are now users of high tech products (i.e., at least on
of: fax, cellular phone, has PC, uses PC, has on-line PC service), and correspondingly, 64
percent of the adult population are users of at least two travel information sources during
or beforetrips.’ Moreover, CNN recently reported that by the year 2000, about 2/3 of
U.S. households will own a personal computer.

Onefinal note, while the SMFT Deployment Cost Study did not estimate the consumer
costs of the capital equipment required to access SWIFT services, the following pricing
ranges can be expected for a deployed SWIFT system:

Seiko MessageWatches and Personal Pagers. $75 - $200 (2™ Generation
devicesduein 1998)

Future In-Vehicle Navigation Systems with Integrated Traveler Information
(i.e., Delco device fallow-on): perhaps around $2000 by 2000, falling to
perhaps around $500 by 2010%°

PC software: Free with subscription to SWIFT services™
4.3. Application of LCCE and CVA Results to Other Metropolitan Areas

In developing SWIFT asacommercia enterprisein other metropolitan areas where SCS
operates an HSDS and Metro Networks/Etak are involved, dramatic savings should be
realized in the development costs of a SWIFT-like system:

% |ra Hirschman, and Raman Patel, “ The Economic Impact of Intelligent Transportation Systemsin the
Northeast Corridor, ITS America Seventh Annual Meeting, June 2-5, 1997.

% |-95 Coalition Organization, “Task 1 -- Develop Market Research Program,” Technical Report: 1-95 CC
6-95-01, June 1995, page 2.

%7|-95 Coalition Organization, “Project 6 — User Needs and Marketability,” Technical Report: 1-95 CC 6-
96-09, June 1996, page 2.

% The CARIN system recently debuted (available through order from Circuit City) as the first mass-
distributed vehicle navigation system in the United States. It'sinitial selling priceis $2,400, but it does
not include a traveler information component.

% Note that the cost of the Web site and administration could be offset by allowing paid advertising on the
web site. Typical current prices are about $200 per thousand click-throughs.

SWIFT Deployment Cost Study 73



SCS and Metro Networks/Etak would apply results (e.g., the expertise,
software, and the hardware designs) of the SWIFT deployment (i.e. a
substantial reduction in the “learning curve’)

A much shorter test period would likely be required (i.e., “validated” SWIFT
technol ogies would be used)

Thelack of government oversight could facilitate reductionsin labor costs —
according to Metro Networks SWIFT Project Manager Joan Ravier: “Some
projects we' re involved with would be a lot cheaper to run if we were doing
them for oursalves, because following government procedure requires us to do
al kinds of things we wouldn’t do normally.”*

In developing SWIFT as acommercial enterprisein other metropolitan areas where
different commercial endeavors would implement a SWIFT-like system, a combination of
additional major costs and some significant savings would likely be realized in the
development of a SWIFT-like system:

A major cost would be the development of an HSDS backbone infrastructure.
SCS had already had an HSDS transmission system in place for its
MessageWatch and pager servicesin the Seattle Metro area prior to SWIFT.
Codgts for HSDS transmission systems and the required control facilities and
associated software could be expected to be measured somewhere between $5
Million to $10 Million, as SCS has invested about $50 million total in
development and deploying its HSDS system into seven cities.

Significant savings in development costs could potentially still be realized by
applying the publicly available results of the SWIFT FOT to these new
SWIFT-like deployments elsewhere; in addition, much of the communications
protocols for usein SWIFT have now been standardized by UW asITS
protocols

In deploying SWIFT-like systems in other metropolitan areas, it isimportant to note that
the SWIFT enterpriseis based on allowing free access of industry to WSDOT, King
County Metro, and other public agencies. This was the consensus deployment model
suggested by SWIFT participantsin SMFT Consumer Acceptance Study focus groups,
and this model would allow the SWIFT enterprise modify and utilize public information in
acommercia venture. This approach would also be smilar to that taken with other recent
traveler information deployments such as the SmartRoutes projects in Boston and
Cincinnati, and FASTLINE/CITYLINE in the San Francisco Bay area.

4.4, Lessons Learned

The following were the major lessons learned during the conduct of the SWIFT
Deployment Cost Sudy:

% Nancy Johnson and Christina Steffy, “ What will it Take to Create a Profitable Business in the Market
for In-Vehicle ITS Systems and Services,” |TS World, September/October 1997, p. 39.
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The deployment of an FM-subcarrier ATIS in other cities may require the
expenditure of up-front “infrastructure’ costs (i.e., costs associated with
developing the required HSDS hardware and software and integrating it with
available FM radio stations)

Significant FM-subcarrier ATIS deployment costs are likely to be encountered
during the devel opment phase, where software development, integration and
test costs areincurred

Operations costs for FM-subcarrier ATIS projects should be fairly stable, and
will center on the human eement of managing and inputing traffic information
into the ATIS system (eg., Metro Networks TWS operators)

Successful commercia deployment of FM-subcarrier ATIS projects should be
based upon the development of sound market-penetration scenarios

Future ITS public-private joint ventures should stipulate in their teaming
agreements that the private-sector partnerswill provide full details of their
development costs to the evaluation team, with appropriate non-disclosure
agreements set up as required.

Future ITS public-private joint ventures should stipulate in their teaming
agreement that all costswill be invoiced according to an activity-based Work
Breakdown Structure (WBYS) of at least three (3) levels of detail for each Team
Member in order to allow costs to be tracked by activity throughout the
project.

Other Discussion

One area that was not addressed in the SWIFT evaluation was the quantification of the
expected benefits that would be generated by a deployed SWIFT system. These benefits,
which arelisted here, could provide incentives for continued public support of a deployed
SWIFT system:

Reduced Travel Delay. A recent Caltran’s study estimated that pre-trip or
enroute traveler/driver information would result in a 5-10 percent reduction in
travel time and a5-10 percent increase in speed.®

Reduction in Emissions. Thisis based on the reduced trave time defined
above. Asan example, areduction in the average automobile speed from 30
mph to 20 mph will result in an almost 60% increase in Carbon Monoxide
emission.*

3 «Caltrans — Advanced Transportation Systems Program Plan: 1996 Update — Benefits and Costs,” The
California Department of Transportation, 1996, p. 126

32 Ira Hirschman and Raman Patel, “The Economic Impact of ITS in the Northeast Corridor,” presented
at the ITS America 7th Annual Meeting, June 1997, p. 6.
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Vehicle Operating Cost Savings. Up to 55 mph, the cost of vehicles
operations (i.e., gas and maintenance) decrease with increasing highway
operating speeds.

Avoided Infrastructure Costs. By rerouting a significant portion of congested
traffic, en-route traveler information systems such as SWIFT have the potential
to marginally reduce or delay the need for increased lanes on major highways.

Economic Benefits. Thisincludesindirect benefits such asimproved busness
efficiency and more efficient movement of goods and services.
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5. CONCLUSIONS

Thelife cycle cost estimate (LCCE) for the deployed SWIFT system is presented in Table
5-1. Here, the FOT Development phase (based on SWIFT test actuals) was estimated to

cost $6.4 Million, the Commercial Development phase was estimated to cost $1.5 Million,
and the Annual Commercial Operations costs were estimated to be $0.8 Million.

Table5-1. SWIFT LCCE Summary.

Participant FOT Development Commercial Development Annual Commercial Operations Life Cycle Cost (5 years of Ops.)

Hours | Labor [ ODC's | Total | Hours | Labor [ ODC's | Total | Hours | Labor | ODC's | Total | Hours | Labor | ODC's Total
SCS 19,137| $1,605K [  $500K | $2,105K 1,005  $64K $82K | $147K 804  $51K $66K | $117K 24,162| $1,926K | $911K| $2,837K
Metro Networks 4,348 $264K | $320K| $584K 8,249] $493K $11K |  $504K 6,188] $370K $2K | $371K 43,536| $2,604K | $340K | $2,944K
Etak 7,760 $639K [ $248K| $887K 3,840 $254K $OK | $254K 1,920 $134K $OK | $134K 21,200 $1,565K | $248K | $1,813K
uw 32,136 $857K| $220K| $1,077K| 10,998 $442K $81K | $522K 1,922 $105K $30K | $135K 52,741] $1,822K | $450K | $2,272K
Metro Transit 1,751  $73K $2K $75K 2,060  $86K $OK $86K 1,545  $65K $OK $65K 11,536] $483K $2K $485K
IBM 5123] $342K | $194K| $536K o) $OK $OK $OK o) $OK $OK $OK 5123| $342K | $194K $536K
Delco 14,101] $750K [ $344K | $1,093K [ $OK $OK $OK ) $OK $OK $OK 14,101| $750K | $344K| $1,093K
TOTAL 84,356| $4,529K | $1,828K | $6,357K |  26,151| $1,339K | $174K | $1,513K | 12,379] $725K $97K | $822K| 172,401| $9,493K | $2,488K | $11,981K

When viewed across the life cycle time period (1995-2003), the cost estimate followed the

expected traditional life cycle curve of high initial development costs tapering down to

lower annual operations costs as the years progressed — this was true for both labor and

ODC's.

Ascan been in Figure 5-1, as the life cycle progressed from the FOT Development phase

to Commercial Deployment and then to Commercial Operations, the SWIFT team

member’ srole and their share in the effort changed significantly, with SCS providing for
the largest share of costs (for hardware and software devel opment tasks) in the FOT

Devel opment phase, and Metro networks providing for the largest share of costs (for
SWIFT TWS operations) by the Commercial Operations phase.
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Figure5-1. LCCE Overview by SWIFT Participant Share.

SCS
14%

SWIFT Deployment Cost Study

77

Metro
Networks
46%




As shown in Figure 5-2, the commercia viability analyss (CVA) found that a deployed
SWIFT can be expected be a viable commercial enterprise. Even under the most
conservative market penetration scenario, the CVA analysis ill showed that annual
revenues exceeded annual operations costs by afactor of morethan 3to 1. This provides
the result that in terms of operations, and noting the assumptions and cal culations made in
thisreport, that afully deployed SWIFT system as defined in this study would have a high
likelihood of being commercially viable.

16
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10

$1998 Million

0 |

Operations Cost Revenues (Low) Revenues (Med) Revenues (High)

Figure5-2. SWIFT CVA Results Summary.

Based on theresults of the CVA, it would seem that if the deployed SWIFT were
addressed as an investment opportunity, that it would have been seen as areasonable
investment. Moreover, based on the most conservative market penetration scenario
(annual revenues of $3.1M), and assuming a bank corporate |oan rate of 6%, if the entire
SWIFT development cost of $7.9 had been financed by aloan from an investment bank,
then the “payback period” on theloan (i.e., the “break-even” point on the investment)
would be about 4¥2 years. Thislieswithin the typical “5 year return on investment” that
many large companies use to analyze potential investment projects. Note that after the 42
year point, the deployed SWIFT Team members under this scenario would divide
approximately $2.3M annually in profits!

In developing SWIFT asacommercia enterprisein other metropolitan areas where SCS
operates an HSDS and Metro Networks/Etak are involved, dramatic savings should be
realized in the development costs of a SWIFT-like system:

SCS and Metro Networks/Etak would apply results (e.g., the expertise,
software, and the hardware designs) of the SWIFT deployment (i.e. a
substantial reduction in the “learning curve’)
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A much shorter test period would likely be required (i.e., “validated” SWIFT
technol ogies would be used)

Thelack of government oversight could facilitate reductions in labor costs --
according to Metro Networks SWIFT Project Manager Joan Ravier: “Some
projects we' re involved with would be a lot cheaper to run if we were doing
them for ourselves, because following government procedure requires us to do
al kinds of things we wouldn’t do normally.”*

In developing SWIFT as acommercial enterprisein other metropolitan areas where
different commercial enterprises would implement a SWIFT-like system, the following
SWIFT “lessons learned” can be applied:

The deployment of an FM-subcarrier ATIS in other cities may require the
expenditure of up-front “infrastructure’ costs (i.e., costs associated with
developing the required HSDS hardware and software and integrating it with
available FM radio stations)

Significant FM-subcarrier ATIS deployment costs are likely to be encountered
during the devel opment phase, where software development, integration and
test costs areincurred

Operations costs for FM-subcarrier ATIS projects should be fairly stable, and
will center on the human eement of managing and inputing traffic information
into the ATIS system (eg., Metro Networks TWS operators)

Successful commercia deployment of FM-subcarrier ATIS projects should be
based upon the development of sound market-penetration scenarios

Future ITS public-private joint ventures should stipulate in their teaming
agreements that the private-sector partnerswill provide full details of their
development costs to the evaluation team, with appropriate non-disclosure
agreements set up as required.

Future ITS public-private joint ventures should stipulate in their teaming
agreement that all costswill be invoiced according to an activity-based Work
Breakdown Structure (WBYS) of at least three (3) levels of detail for each Team
Member in order to allow costs to be tracked by activity throughout the
project.

% Nancy Johnson and Christina Steffy, “ What will it Take to Create a Profitable Business in the Market

%ﬁlﬂ:ﬁ/sﬁel&&)nlq&? Oefg‘rﬁiala()]/ Services,” TS World, september/Octoper 1997, P. sY. 79



APPENDIX A: SWIFT FOT COST SUMMARY

SWIFT FOT ROLL-UP (TOTAL COST)

Hours Labor (Loaded) Other Dircect Costs Total Cost ($K)
Public Private Total Public Private Total Public Private Total
1995, Q1 5,259 205 127 332 38 31 69 243 158 401
1995, Q2 7,283 402 44 446 73 31 105 476 75 551
1995, Q3 7,309 386 53 439 72 31 103| 458 84 542
1995, Q4 11,347 542 195 738 189 89 279 732 285 1,016
1996, O1 12,562 454 249 703 176 67 243 630 316 945
1996, Q2 14,518 584 154, 738 132 53 185 716 207 923
1996, Q3 9,351 212 177 389 29 81 111 242 258 500
1996, Q4 4,851 141 50 191 23 282 305 164, 332 496
1997, Q1 4,947 171] 131 302 186 102 288 356 233 590
1997, Q2 3,459 88| 40 128| 33 32 65, 121 72 193
1997, Q3 3,474 89 34 123| 32 45 78 121 80 201
Total 84,356 3,275 1,255 4,529 984 844 1,828 4,258 2,099 6,357
DELCO
Hours Labor (Loaded) Other Dircect Costs Total Cost ($K)
Public Private Total Public Private Total Public Private Total
1995, Q1 258 15.6) 11.5 27.1 0.0 0.0 0.0 15.6) 115 27.1
1995, Q2 659 24.3 15.1] 39.4 0.0 0.0 0.0 24.3 15.1 39.4
1995, O3 908 36.6) 24.4) 61.0 5.9 3.9 9.8 42.5) 28.3 70.9
1995, 04 2,680 101.1 67.4 168.4 50.7 33.8 84.6) 151.8 101.2 253.0
1996, O1* 2,581 86.1 57.4 143.5 109.0 26.2 135.2 195.1 83.6 278.6
1996, O2* 4,028 124.2) 118.7 242.9 31.6 21.1 52.6 155.7 139.8 2955
1996, O3* 2,895 0.0 65.8 65.8 0.0 43.7 43.7 0.0 109.5 109.5
1996, 04 92 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
1997, O1 0 0.0 1.7, 1.7 0.0 17.8 17.8 0.0 19.5 19.5
1997, 02 0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
1997, O3 0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Total 14,101 387.8 362.0) 749.8 197.2 146.5 343.7 585.0 508.5] 1,093.5

*Adjusted to reflect changes in Delco Invoices

ETAK
Hours Labor (Loaded) Other Dircect Costs Total Cost ($K)
Public Private Total Public Private Total Public Private Total
1995, Q1* 300 31.6 1.7 33.3 0.7 0.5 1.2 32.3 2.2 34.5
1995, Q2 500 71.3 2.5 73.8 1.9 0.0 1.9 73.2 25 75.7
1995, Q3 756 80.6 2.7 83.4 1.5 0.0 1.5 82.1 2.7 84.9
1995, Q4 581 44.1 1.6 45.7 0.0 0.0 0.0 44.1 1.6 457
1996, Q1 992 98.5 3.7 102.2 0.0 0.0 0.0 98.5 3.7 102.2
1996, Q2 2,797 118.4 6.6 125.0 10.4 0.0 10.4 128.8 6.6 135.4
1996, Q3 1,064 86.5 16.6) 103.1 1.6 0.4 2.0 88.1 17.0 105.1
1996, Q4" 385 24.0 12.2 36.1 0.0 231.2 231.2) 24.0 243.3 267.3
1997, Q1» 385 24.0 12.2 36.1 0.0 0.0 0.0 24.0 12.2 36.1
1997, Q2 0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
1997, Q3 0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Total 7,760 578.9 59.8 638.7 16.1 232.1 248.2) 595.0 291.9 886.8

*Includes Etak private contributions back to 8/4/94

**95Q1 to 96Q2 adjusted to reflect change in Etak overhead rate
A

SWIFT Deployment Cost Study S 81



IBM

Hours Labor (Loaded) Other Dircect Costs Total Cost ($K)
Public Private Total Public Private Total Public Private Total
1995, Q1 776 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
1995, Q2 564 24.1 6.4 30.5 18.7 5.0 23.7 42.9 11.4 54.2
1995, Q3 290 22.7 6.0 28.7 6.5 1.7 8.2 29.2 7.7 36.9
1995, Q4* 870 74.4 24.7 99.1 52.5 8.9 61.4 126.9 33.6 160.5
1996, Q1 899 19.7 11.8 315 29.6 1.2 30.9 49.3 13.1 62.4
1996, Q2 803 32.4 8.6 40.9 7.9 2.1 10.0 40.3 10.7 50.9
1996, Q3 497 225 6.0 28.5 5.7 15 7.2 28.2 7.5 35.7
1996, Q4 196 11.3 3.0 14.3 0.9 0.2 1.1 12.2 3.2 15.4
1997, Q1 228 54.2 14.3 68.6 42.1 9.5 51.6 96.3 23.8 120.1
1997, Q2 0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
1997, Q3 0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Total 5,123 261.3 80.8 342.1 164.0 30.1 194.1 425.3 110.9 536.3

*Adjusted to reflect 1995 corrections presented in 1996 Q1 Invoice

METRO NETWORKS

Hours Labor (Loaded) Other Dircect Costs Total Cost ($K)
Public Private Total Public Private Total Public Private Total
1995, Q1* 25 0.0 4.3 4.3 0.0 0.4 0.4 0.0 4.7 4.7
1995, Q2 390 3.2 20.2 23.4 3.9 25.2 29.1 7.1 45.4 525
1995, Q3 390 3.2 20.2 23.4 3.9 25.2 29.1 7.1 45.4 525
1995, Q4 390 3.2 20.2 23.4 3.9 25.2 29.1 7.1 45.4 525
1996, Q1 390 3.2 20.2 23.4 3.9 25.2 29.1 7.1 45.4 525
1996, Q2 390 3.2 20.2 23.4 3.9 25.2 29.1 7.1 45.4 525
1996, Q3 390 3.2 20.2 23.4 3.9 25.2 29.1 7.1 45.4 525
1996, Q4 390 3.2 20.2 23.4 3.9 25.2 29.1 7.1 45.4 525
1997, Q1 390 3.2 20.2 23.4 3.9 25.2 29.1 7.1 45.4 525
1997, Q2 390 3.2 20.2 23.4 3.9 25.2 29.1 7.1 45.4 525
1997, Q3 814 14.7 34.2 48.8 17.1 40.7 57.8 31.8 74.9 106.6
Total 4,348 43.3 220.3 263.6 52.5 267.8 320.3 95.8 488.1 583.9

*Includes Metro Networks private contributions back to 8/4/94
NOTE: All costs from 95Q1 to 97Q2 are averaged from Metro Networks 97Q2 Invoice; all hours are
estimated based on an average loaded labor rate of $60/hour

METRO TRANSIT
Hours Labor (Loaded) Other Dircect Costs Total Cost ($K)
Public Private Total Public Private Total Public Private Total
1995, Q1 95 3.9 0.0 3.9 0.0 0.0 0.0 3.9 0.0 3.9
1995, Q2 72 3.2 0.0 3.2 0.0 0.0 0.0 3.2 0.0 3.2
1995, Q3 36 1.2 0.0 1.2 0.0 0.0 0.0 1.2 0.0 1.2
1995, Q4 70 2.2 0.0 2.2 0.0 0.0 0.0 2.2 0.0 2.2
1996, Q1 217 6.8 0.0 6.8 1.0 0.0 1.0 7.8 0.0 7.8
1996, Q2 222 9.8 0.0 9.8 0.9 0.0 0.9 10.7 0.0 10.7
1996, Q3 228 9.8 0.0 9.8 0.0 0.0 0.0 9.8 0.0 9.8
1996, Q4 273 12.3 0.0 12.3 0.0 0.0 0.0 12.3 0.0 12.3
1997, Q1 312 13.7 0.0 13.7 0.0 0.0 0.0 13.7 0.0 13.7
1997, Q2 162 7.1 0.0 7.1 0.1 0.0 0.1 7.2 0.0 7.2
1997, Q3 64 2.8 0.0 2.8 0.0 0.0 0.0 2.9 0.0 2.9
m 1,751 73.1 0.0 73.1 2.1 0.0 2.1 75.1 0.0 75.1
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SCS

Hours Labor (Loaded) Other Dircect Costs Total Cost ($K)
Public Private Total Public Private Total Public Private Total
1995, Q1 1,066 81.0 109.4 190.4 7.4 30.3 37.6 88.3 139.6 228.0
1995, Q2 2,359 203.1 0.0 203.1 19.2 1.0 20.2 222.3 1.0 223.3
1995, Q3 2,190 168.7 0.0 168.7 24.2 0.0 24.2 193.0 0.0 193.0
1995, Q4 4,017 244 .4 815 325.9 52.6 21.2 73.8 297.0 102.7 399.7
1996, Q1 4,105 149.7 155.6 305.3 13.8 14.3 28.1 163.5 169.9 333.4
1996, Q2 2,900 206.2 0.0 206.2 59.4 4.2 63.6 265.6 4.2 269.7
1996, Q3* 899 0.0 68.5 68.5 0.0 10.2 10.2 0.0 78.7 78.7
1996, Q4 137 0.0 14.4 14.4 0.0 255 255 0.0 39.9 39.9
1997, Q1* 1,075 7.3 82.9 90.2 130.3 49.3 179.6 137.6 1322 269.8
1997, Q2 350 9.7 19.6 29.3 19.4 7.1 26.4 29.1 26.7 55.8
1997, Q3 39 3.3 0.0 3.3 5.6 4.7 10.3 8.9 4.7 13.6
Total 19,137| 1,073.4 531.8] 1,605.2 331.8 167.8 499.6] 1,405.3 699.6| 2,104.9

*Adjustments were made to reflect unreimbursed contributions which were unreported after 1997Q1; also,

$126K in materials contribution from 96Q3 was reimbused in 97Q1

uw
Hours Labor (Loaded) Other Dircect Costs Total Cost ($K)
Public Private Total Public Private Total Public Private Total
1995, Q1 2,739 73.0 0.0 73.0 29.6 0.0 29.6 102.6 0.0 102.6
1995, Q2 2,739 73.0 0.0 73.0 29.6 0.0 29.6 102.6 0.0 102.6
1995, Q3 2,739 73.0 0.0 73.0 29.6 0.0 29.6 102.6 0.0 102.6
1995, Q4 2,739 73.0 0.0 73.0 29.6 0.0 29.6 102.6 0.0 102.6
1996, Q1 3,378 90.1 0.0 90.1 18.3 0.0 18.3 108.3 0.0 108.3
1996, Q2 3,378 90.1 0.0 90.1 18.3 0.0 18.3 108.3 0.0 108.3
1996, Q3 3,378 90.1 0.0 90.1 18.3 0.0 18.3 108.3 0.0 108.3
1996, Q4 3,378 90.1 0.0 90.1 18.3 0.0 18.3 108.3 0.0 108.3
1997, Q1 2,557 68.2 0.0 68.2 9.6 0.0 9.6 77.8 0.0 77.8
1997, Q2 2,557 68.2 0.0 68.2 9.6 0.0 9.6 77.8 0.0 77.8
1997, Q3 2,557 68.2 0.0 68.2 9.6 0.0 9.6 77.8 0.0 77.8
Total 32,136 856.8 0.0 856.8 220.1 0.0 220.1] 1,076.9 00| 1,076.9
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